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ABSTRACT
Conceptual Design of a South Pole Carrier Pigeon UAV
Kendrick Marius Joseph Dlima

Currently, the South Pole has a large data problem. It is estimated that 1.2 TB of data is
being produced every day, but less than 500 GB of that data is being uploaded via aging
satellites to researchers in other parts of the world. This requires those at the South Pole
to analyze the data and carefully select the parts to send, possibly missing out on vital
scientific information. The South Pole Carrier Pigeon will look to bridge this data gap.
The Carrier Pigeon will be a small unmanned aerial vehicle that will carry a 30 TB solid-state
hard drive from the South Pole to various destinations in the Southern Hemisphere, but it
has been designed to fly to Christchurch, New Zealand. This 87 lb. UAV will be able to fly
3,650 nmi. up to 25,000 ft., using a 5.7 hp. engine. It will feature an de-icing system on
the leading edge of its 8 ft. span wing to allow it to fly through cold, moist climates. It will
have a 39 in. long fuselage with a tail boom of 33 in.
The aircraft has been designed to be made out of composites, thus reducing both the weight
of the aircraft as well as its drag. It has been designed to come apart in order to be shipped
successfully to the South Pole. There, it will be assembled and launched via a custom
pneumatic launcher. It will fly autonomously to 15,000 ft. and cruise climb throughout
the flight to 25,000 ft., before descending to its destination. There, it will be caught by a
net restraint system, where the hard drive will be extracted. The Carrier Pigeon is truly a
unique vehicle for its size, range, and robustness.
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Chapter 1
BACKGROUND

The South Pole has a large data problem. To fix this, the development of the Carrier
Pigeon will be undertaken. The background information below will produce the necessary
information to create a meaningful conceptual design of the Carrier Pigeon.

1.1

Antarctic Geography

Antarctica has always been considered one of the most desolate parts of the Earth. The
continent covers the South Pole and the area around it. Although Antarctica is the 5th
largest continent by land mass, it is very often forgotten due to its barrenness and isolation
from almost all of humanity. At 5.4 million mi.2 , it is home to the largest ice reserves in
the world. A map of it can be seen in Figure 1.1. Over 98% of the entire continent is made
up of ice that extends over a mile deep. It is also one of the driest climates in the world,
averaging just 6.5 in. of precipitation per year. This is mainly limited to the northern parts
of the continent, the coastal region.
Antarctica as a continent is largely made up of ice. The South Pole is no exception. When
considering land, the South Pole stands just a few feet above sea level. However, it sits on
over 9,000 ft. of ice that has built up over many centuries. On top of that, around 8 in. of
snow accumulates on the ground each year and does not melt. The snow is fairly compact
as well. Humans can walk easily on the snow with minimal collapsing. With skis, humans
can easily walk without sinking.1 Additionally, most pieces of equipment with snow tires
or trends also experience minimal sinking.
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Although Antarctica does not have its own government, its land has been claimed by the
rest of the world.2 In 1959, the Antarctic Treaty was signed, forcing all countries wishing
to officially enter Antarctica to preserve its natural beauty, use the land for science, and
not to introduce arms to the area. Currently, Antarctica has been officially claimed by
seven countries: Argentina, Australia, Chile, France, New Zealand, Norway, and the United
Kingdom. Additionally, 23 other countries also have bases throughout the continent. The
United States has the most bases, including the largest one, McMurdo Station as well as
the Amundsen-Scott South Pole Station. The United States is the only country to have a
permanent base at the South Pole.3

Figure 1.1: Map of Antarctica

1.1.1

Antarctic Stations

The McMurdo and the Amundsen-Scott Stations are the two most developed parts of the
entire continent. The McMurdo Station lies on Ross Island, one of the most northern parts
2

of the continent. It is the largest base in Antarctica and can hold over 1,200 people at a
time. It is home to three airstrips: Phoenix Airfield, the Sea Ice Runway, and Williams
Airfield. Phoenix Airfield has an 11,000 ft. runway made of compacted snow. This is open
for the whole year except for late summer when the snow begins to melt. It is primarily
meant for aircraft that use sleds. The Sea Ice Runway has two 10,000 ft. runways. It is the
primary airport for the summer months.
This runway is capable of handling all cargo aircraft that land at McMurdo, like the Lockheed
C-5 Galaxy and the Boeing C-17 Globemaster III, as seen in Figure 1.2. Additionally, a
modified Icelandair Boeing 757 has done trial landings to promote passenger transport to
McMurdo, thus saving the C-17 for cargo only. The final airport at McMurdo is Williams
Field. It features two 10,000 ft. runways made of un-compacted snow. Because of this,
only aircraft with skis are permitted to land. This includes: the USAF’s Lockheed LC-130,
the Basler BT-67 (modified turbo-prop Douglas DC-3), and the de Havilland DHC-6 Twin
Otter.4

Figure 1.2: C-17 on the Sea Ice Runway at McMurdo5

3

The Amundsen-Scott station has only one airfield, the Jack Paulus Skiway. It features a
12,000 ft. snow runway which is only open for a few months each year. Only aircraft
with skis are permitted to land there. Due to this restriction and the isolation of the South
Pole, the South Pole Traverse was created. This 1,000 mi. compacted snow highway
connects the Amundsen-Scott and the McMurdo Stations. This highway uses tractors
pulling specialized sleds in order to transport goods to the South Pole. These tractors
mainly transport usable supplies, like food and fuel. Fuel is pulled in specialized sheet
bladders which can carry 3,000 gal. each. The transverse is estimated to save 33 LC-130
flights per year and significantly decrease the carbon footprint of the South Pole operation.6

1.1.2

The South Pole

The Amundsen-Scott South Pole station was completed in 2008. It replaced the old dome
station that had been active for 50 years. The main building was built with an adjustable
elevated surface to protect against winds and annual snow accumulation. It also features
rounded edges so that snow will not build up. The South Pole station also has the ability
to house and feed up to 200 people in dormitories and mess halls. Additionally, there
are lounges, a gym, a small electric power station, a medical room, and a hydroponic
greenhouse to make an attempt at growing fresh vegetables. A map of the station can
be found in Figure 1.3. During the summer months, the South Pole is usually very close
to capacity, seeing that various scientists, operators, and government officials live there.
However, during the winter months, this number dwindles to just 30 people–a small crew
of operators needed to keep the station running as well as a few scientists conducting winter
experiments.7

4

Figure 1.3: Map of the Amundsen-Scott South Pole Station8

1.2

Antarctic Climate

The climate of the South Pole varies quite a bit by both time of day and time of year.
During the summer months (December to March), the sun stays visible for most of the
day. However, the sun stays at a very low angle relative to the ground. At the South Pole,
the sun only rises and sets once per year. At a maximum, it reaches just 23.5◦ above the
horizon. If you compare it to a baseline of the longest day of the year in San Luis Obispo,
CA, an angle of 23.5◦ would occur two hours before sunset on the longest day of the year.9
Because of the continual low angle of the sun, heat is reflected off the snow and is not
absorbed. This, and the elevation of the South Pole, are why the snow on the ground fails
to melt and dissipate in the summer months. During the summer months, the daily average
surface temperature ranges from -25 to -40°C, making it one of the coldest places in the
world.10
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Winter at the South Pole lasts nine months of the year as there is really no traditional
spring or autumn. For six of these months, the South Pole is in complete darkness except
for moonlight that might shine down on a full moon night. Because of the complete lack of
sunshine, the surface temperatures vary from -50 to -65°C during these months. The South
Pole is officially classified as a desert as well. Humidity is very close to 0%, resulting in a
very dry climate, despite the snow and ice that is ever-present.11

1.2.1

Icing Conditions

Most large aircraft and those that operate long flights in cold weather conditions are equipped
with an onboard system to prevent icing conditions mid-flight. Ice forms on aircraft when
they pass through atmospheres that are saturated with moisture. If ice forms on the aircraft,
it can be extremely detrimental to its lift and could cause a crash due to lack of airflow
over the wings. It could also affect the performance of the engine and cause it to shut off.
The temperature of the atmosphere must be under 0°C for ice to form on the aircraft. As
previously mentioned, there is not a significant amount of moisture in the air over the South
Pole. This desert-like atmosphere extends to most of the continent of Antarctica. Because
of this, icing conditions over the continent will likely not be an issue.12
Once the aircraft leaves the continent and makes its way to South America and Oceania,
it will begin to experience the atmosphere of different regions, and therefore, different
climates. For example, in southern Argentina and Chile, the aircraft will fly through air
with a relative humidity of 70-90%. Combined with the cold climate in these regions
during the winter, ice will be sure to form on the aircraft as it descends to land.13 Flying
to Australia and New Zealand during the winter will likely have some similar effects.
Atmospheric temperatures will not be as low in these regions, with an average daily low
surface temperature of around 0°C. Relative humidity in these regions is also lower, with
an average from 50% to 65%. Under these conditions, ice will still form in the atmosphere,
6

but at a lower rate and intensity compared to South American cities. Therefore, the aircraft
must have the ability to prevent against significant icing conditions, both on the wing and
in the engine.14

1.2.2

Temperature Inversion

Antarctica features a phenomenon known as “temperature inversion.” This exists because
the snow that is on the ground is more effective at emitting thermal radiation when compared
to the atmosphere around it. Heat is not absorbed well by the snow, which causes a large
temperature difference. This is especially apparent during the winter months. From the
surface to around 1,000 ft., the temperature will constantly be close to -60°C. However,
from 1,000 to 3,000 ft. AGL, an isothermal layer forms, which could increase temperatures
by 35°C when compared to the surface temperature. As one goes higher, it experiences a
similar temperature profile to a standard atmosphere, adjusted for the cold temperatures at
the South Pole. Only at around 14,000 ft. ASL will the atmospheric temperature reach the
temperature of the surface, with the temperature becoming approximately -75°C once one
reaches 20,000 ft. ASL. During the summer months, the same inversion is present, but at
a lesser scale. The isothermal layer only creates a difference of around 10°C. If analyzing
the atmosphere as a whole with thermal considerations in mind, it will likely not matter
because colder temperatures are experienced at higher altitudes, but this is something to
consider.15

1.3

Satellite Coverage

Currently, the IceCube lab at the Amundsen-Scott station generates the most data out of
all the other research projects currently at the South Pole. It explores violent astronomical
events, like exploding stars, black holes, and gamma-ray bursts. In total it generates around
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1000 GB of data per day. The rest of the South Pole, on average, generates just 200 GB
of data. Data storage solutions at the South Pole can handle this rate, but with future
experiments requiring more data, the South Pole will quickly run out of storage capacity.
Much of the data is stored at the South Pole using external hard drives. Currently, it is
estimated that over 5 Petabytes (5000 TB) of data is stored at the South Pole. This is
essentially all the data that experiments have collected over their lifetime at the Amundsen-Scott
station. A very limited amount of data is sent back to labs using satellite internet access.
The Tracking and Data Relay Satellite System (TDRSS) is the main facilitator of the data
transfer. It uses the NASA Tracking and Data Relay satellite TDRS-F6 along with ground
station SPTR2 to communicate with the South Pole. This satellite mainly utilizes the
Ku-Band, with both high and low rate transfer channels. The TDRS-F6 has the ability
to transfer data at a rate of 300
transfer at 7

Mbit
s.

Mbit
s.

using the high transfer rate. It also has the ability to

using the low transfer rate. It also uses the S-Band at a rate of 5

Mbit
.
s

This satellite is currently in a geosynchronous, equatorial low-earth orbit. It moves in a
“figure eight” pattern from Paraguay to just north of Anguilla in the Caribbean. Due to this
geographical restriction, the satellite is only visible at the South Pole for approximately 4
hours per day. This severely limits the amount of data that can be uploaded.16
Additionally, there are two other satellites that are not reserved for data up-link. The
National Science Foundation uses the Defense Satellite Communication System (DSCS)
DSCS III B7 satellite over the South Pole as well. It is currently in a similar orbit to
the TDRS-F6. The DSCS is a constellation of satellites used for governmental purposes
around the world. It allows uploads at speeds up to 10

Mbit
s.

over the X-Band. However,

this is only visible for 3.50 hr. per day. The other satellite is operated by the United
Kingdom’s Ministry of Defense under their Skynet Satellite Communications System. The
Skynet-4c transmits using the X-Band as well, and can have a data uplink speed of 1.5
Mbit 17
.
s.

Its orbit is similar to the other two satellites, and has a window of 5.75 hr. Only
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the TDRS-F6’s Ku-Band is dedicated to the upload of data. The other two satellites are
used for communication through voice, email, internet, and video conferencing. In total,
this accounts for approximately 500 GB per day, which is less than half of what would be
required.18 This is summarized in Table 1.1.

Satellite
TDRS F6
DSCS III B7
Skynet-4c

1.3.1

Table 1.1: Total Satellite Access
Freq. Band (in.) Contact Window (hr.)
Ku, S
4.00
X
3.50
X
5.75

Uplink Speed ( Mbit
)
s
307, 5
10
1.5

Carrier Pigeon Payload

The main purpose of the Carrier Pigeon is to physically transport data from the South Pole
to a population center in the Southern Hemisphere. Less than half of all daily data has
the ability to be uploaded via satellite internet, so carrying data in a different manner will
be important. In order to maximize the potential for each flight, it was determined that
each flight would need to carry at least 30 TB worth of data. The safest way to do this
will be with a solid-state hard drive (SSD). This will be the safest in turbulence due to the
lack of moving parts. It is also lighter and smaller than traditional disc-based drives. The
best example of this is the Samsung PM1643, which can be seen in Figure 1.4. It combines
extremely high performance with a small, compact design that is rarely seen in this day and
age. This SSD comes in many storage capacities, but the highest capacity version carries
30.72 TB. It only weighs 0.32 lb. and is just 6.5 in.3 in volume.19 MicroSD cards were also
considered as payload for the mission. SanDisk offers a 1 TB MicroSD card, the largest
available, which weighs just 0.16 oz.20 If 30 of these MicroSD cards are carried, it would
weigh 4.8 oz., which matches the weight of the SSD. Although the volume needed to carry
the MicroSD cards will be much less than that of the SSD, due to the fragility of their use
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at the South Pole and the effort of copying information onto 30 different units vs. just one,
the SSD will be the payload carried.
This SSD can only be operated in temperatures from 0 to 70°C. However, after further
investigation into other SSDs, it became apparent that the storage range for electronics
like this would be -55 to 95°C.21 Since the SSD will be with other avionics or next to the
engine, it will undoubtedly be above the minimum storage temperature. Assuming that the
hard drive will be wrapped in something to further insulate and protect the hard drive, it
will weigh 0.5 lb. This will be the payload weight used in the sizing process.

Figure 1.4: Samsung FM1643 30 TB Solid-State Drive19

1.4

Candidate Destinations

The closest four countries to the South Pole are Argentina, Chile, Australia, and New
Zealand. Each of these countries has potential destinations for the Carrier Pigeon. The first
candidate destination is Christchurch, New Zealand. Christchurch International Airport
markets itself as the “Gateway to Antarctica” and it rightfully does so. Over 100 flights
bound for Antarctica depart from there each year. Currently, the United States, Italy, South
Korea, and New Zealand stage their Antarctic flights from that airport. Each year 5,500
10

passengers and over 3,000 lb. of cargo are transported from the airport to the continent.
The airport is home to the International Antarctic Center which contains many exhibits
and specimens from the continent. Downtown Christchurch is home to the University of
Canterbury’s Gateway to Antarctica and the Center for Antarctica Studies and Research.
They are the leaders in studying the continent and they would likely be the ones who would
find the data carried by the aircraft to be the most useful.22
Hobart, Australia does similar things for the advancement of Antarctica. They have a large
number of the world’s Antarctic scientists, with most of them working with the University
of Tasmania’s Institute for Marine and Antarctic Studies. France and China both stage
their Antarctic flights from Hobart International Airport. However, it is the furthest city
from Antarctica of those mentioned here.23 Punta Arenas, Chile has historically been the
gateway to Antarctica. Currently, many private Antarctic tourist companies stage their
operations from here. It is also home to many countries’ Antarctic research stations,
especially those with a small presence on the continent. Ushuaia, Argentina is the largest
city for Antarctic tourism, but does not do much in terms of research. However, it is the
closest city to the South Pole, making it the easiest flight. A map of all these flights can
be found in Figure 1.5. Christchurch, New Zealand would likely be the target destination
for data and therefore the aircraft. It is the furthest destination at 2,850 nmi., so any closer
destinations will just be a byproduct of sizing the aircraft for this Christchurch.
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Figure 1.5: Map of Possible Flights

1.5

Flight Profiles

The aircraft will be based at the South Pole. It will depart the South Pole via a catapult
and climb to the initial cruising altitude of 15,000 ft. ASL. It will then fly over the rest
of Antarctica and then over the ocean to Christchurch where the data can be extracted and
further analyzed. As it flies, it will climb higher at a linear rate up to 25,000 ft. Because the
aircraft is losing weight, this cruise climb will make the journey more efficient by allowing
the aircraft to maintain a fairly constant lift coefficient. The ratio of these densities is 0.71,
so the sum of the empty weight fraction and the payload weight fraction of the aircraft
should be approximately equal. The reason for this climb lies within the atmospheric
conditions at these altitudes and locations. In Section 1.2.1, the humidity over Antarctica
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is 0% due to the cold desert-like climate of the continent. Once it reaches the ocean, the
air gets warmer and saturated. However, the moisture in the atmosphere will extend up to
around 15,000 ft. The cruise climb will allow the aircraft to fly above the icing conditions,
therefore requiring an ice protection system to only be used during descent phase. If there
was no cruise climb, the ice protection system would be on for a significant portion of the
flight. More fuel will have to be carried to power the system.
Most likely, the aircraft will not have to communicate until it reaches the vicinity of its
destination, where it would probably need to communicate in some way to approach and
airport controllers if it lands at or near an airport.24 It will at least need to show up on an Air
Traffic Control radar. The aircraft will be able to fly autonomously but will be monitored
by a remote operator. Landing the aircraft in a net system will likely have some operator
input, but will still be an autonomous system. Figure 1.6 shows a typical flight profile for a
flight to Christchurch, where the ice blue is the cross-section of Antarctica over which the
aircraft flies. Only around 25% of the flight actually goes over land.

Figure 1.6: Christchurch, NZ Flight Profile
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1.6

Winds

Due to its immense size and varied terrain, Antarctica is subject to many types of winds in
all directions. The most apparent is the Katabatic winds. These develop when air flowing
over mountains gets accelerated as it moves down the slope of a mountain. These are
famously known in Southern California as the Santa Ana winds, which sometimes wreak
havoc on Los Angeles area airports. On average, this would yield an average continuous
wind speed of approximately 10 mph at the South Pole, which are high for sustained gusts,
especially with the low temperatures that are experienced. Any aircraft designed would
need to handle this amount of winds upon takeoff and landing. It would also have to be
prepared for higher gusts as well.25
The Antarctic Mesoscale Prediction System (AMPS) provides real-time weather updates
for the entire continent. Arthur Cayette used this system to do a study of winds aloft over
Antarctica.26 He found that the winds blow at approximately 45 mph in a west to east
direction in the interior of the continent. However, as one moves towards the coast, this
speed increases. It blows in the same direction, but now blows at speeds from 90 mph to
180 mph. A map of this can be seen in Figure 1.7. In all the routes to all the candidate
destinations, the wind would be in the crosswind direction due to the aircraft flying north.
This will likely not have a large effect on the aircraft itself or its performance due to the
general lack of head or tail winds. However, any small change in direction could prove to
be costly to the mission. More details will be needed to size the aircraft.
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Figure 1.7: Wind Aloft Map from 2018 using the AMPS26

1.7

Fuel

During the winter months, the entire Amundsen-Scott station uses three 1-Megawatt generators
to generate power. Each of these generators runs on jet fuel, specifically AN8 fuel. This is
very similar to JP-8, a fuel used by the US military.27 AN8 has special additives that lower
the flash point to around 40°C. In turn, this decreases the freezing point to just -58°C.
This allows it to maintain liquidity while in storage at the South Pole. This fuel is mainly
brought to the South Pole using two methods. The first was previously mentioned. During
the summer months, tractors pull trailers that carry fuel bladders. Each bladder sheet can
carry 2,000 gallons of fuel. This can be seen in Figure 1.8. The secondary method is far
more rudimentary. At the McMurdo Station, AN8 is loaded into the fuel tanks of LC-130s.
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The LC-130 uses Allison T56-A15 turboprop engines which normally run on JP-8 fuel.
Since AN8 is a very close relative of this fuel, it has no problem running on it. They will
fly fully loaded with fuel to the Jack Paulus Airstrip. There, they will unload all fuel except
what is required to fly back to McMurdo Station, which can be seen in Figure 1.9. It is
estimated that the cost of each gallon of fuel at the South Pole is around $40, mainly due
to the excessive transport methods needed to get it to not only Antarctica, but then to the
South Pole.28

Figure 1.8: Fuel Bladders29

Once at the South Pole, the fuel is stored in a partially underground storage facility which
holds 600,000 gal. At an average rate of 2,000 gal. used per day, a full supply should very
easily last through the entire winter season. The storage facility uses unit heaters to keep
the fuel at an ambient temperature of -50°C prior to going into the generators. Keeping the
fuel at such a low temperature reduces the chance of a fuel-accelerated fire. Before the fuel
gets to the generator, it is heated a bit to allow for better performance. The entire facility is
armed with CO2 protection systems which will put out a fire immediately. There are many
fire walls within the facility, so a leak and fire would not threaten the entire fuel supply.
This is shown in Figure 1.10.
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Figure 1.9: Fueling at McMurdo28

Any aircraft that would have a possibility of operating out of the South Pole must take into
account the fuel storage situation there. The most abundant fuel at the South Pole would be
AN8 fuel since it powers the generators and any aircraft currently operating to the South
Pole, like the LC-130. More fuel would likely have to be transported into the facility than
what is currently there in order to operate the aircraft. It is also possible that an additional
fuel storage facility would have to be constructed for this specifically.
The McMurdo Station works with various other types of fuel as well. First, they carry
JP-5 fuel that is mainly used for Coast Guard ships. This has a very high flash point,
so it will have less of a chance of igniting. However, its freezing point is -46°C, so it
easily has the ability to survive in northern Antarctica. Theoretically, this fuel could be
used at the South Pole with little extra modification. However, due to the abundance
of AN8, this would be redundant. The other fuel used at the McMurdo Station is basic
automotive gasoline. This powers the vehicles at the station as well as small portable
generators. This gas is approximately 90 octane and has military-grade additives for icing
prevention. Transporting this would be fairly easy since transporting gasoline is extremely
17

commonplace. With correct additives, gasoline can have a freezing point of -130°C. With
such a low freezing temperature, there is even a possibility of storing it outside.

Figure 1.10: Fuel Facility28

Along with JP-5 and gasoline, there are two other common aircraft fuels that are widely
available worldwide that could potentially have a use in an aircraft stationed at the South
Pole. Jet A fuel is the most common fuel around the world, mainly used in turbine engines.
Jet A-1 is extremely similar to Jet A and is more suited to these conditions. Both of these
fuels have flash points at 38°C. However, the freezing point of Jet A is -40°C while for Jet
A-1, it is -46°C.30 This will allow for better handling in the cold temperatures. While Jet
A-1 is commonplace around the world, it is not on the Antarctic continent. This is due to
the abundance of AN8, a jet fuel better suited for cold temperatures, as explained above. If
an aircraft with a heavy fuel engine were to operate at the South Pole, it would likely just
use AN8 due to its abundance and similarity to Jet A.
Avgas is the other common aircraft fuel around the world. This fuel is mainly found burning
in piston aircraft engines. Avgas has a freezing point of -58°C, making it similar to AN8.
However, it is less refined than other fuels, which will also drive its cost down. Although
18

Avgas is common in North America and Europe, it is fairly hard to come by elsewhere in
the world due to the small GA market.31 This might pose a challenge if supplies come from
a country that is close to the South Pole. An alternative to Avgas would be regular gasoline.
Many new small aircraft engines have the capability to run on many types of fuel, so this
might be a better and cheaper option.

1.8

Objectives

To successfully complete this phase of the project, objectives must be laid out and adhered
to. The first objective is to size an aircraft to fly the mission while both carrying the payload
and adapting to the weather conditions in-flight. Using the Breguet Range Equation, the
aircraft must be sized appropriately using inputs generated from background research. It
must then be iterated to find a combination that will produce a working aircraft. This
aircraft must be able to carry the 0.5 lb. payload to Christchurch, New Zealand. This
includes an analysis of its performance It must have the ability to fly through icing conditions
to get there as well.
The second objective is to investigate the wing generated during the sizing process using
aerodynamic analysis based on induced drag corresponding to a specific airfoil to ensure
adequacy for the aircraft. The performance of the aircraft must be verified using aerodynamics
software. Using specific airfoils, the drag profiles must be compared to the existing models.
If they match up or exceed the previously done analysis, it will instill confidence that the
aircraft will be a worthy solution for the mission.
The final objective is to outline a plan of operations for the Carrier Pigeon, focusing on the
needs of the workers at the South Pole as well as limitations in the aircraft. The Carrier
Pigeon must be shipped to the South Pole and assembled prior to flight. Provisions must me
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made for all assembly to happen while exposed to the elements of the South Pole. Launch
and recovery operations of the Carrier Pigeon will be examined as well.
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Chapter 2
INITIAL SIZING

The initial sizing process will be undertaken in this chapter with the use of the Breguet
Range Equation and the inputs needed for it to function. After the sizing process is
complete, and basic parameters have been established, the detailed sizing can be accomplished.

2.1

Material Selection

The two main materials used for unmanned aircraft are aluminum and composites. In an
aluminum version of the Carrier Pigeon, the aircraft would be constructed with a combination
of stringers, longerons, and bulkheads in a monocoque fashion. This is similar to the
method used by most aircraft flying today. The use of composites is a newer version
of aircraft construction. With a mold, it is possible to create any shape needed. Most
small UAVs on the market today are constructed using composites. The skin friction
coefficient of the aircraft’s components decrease by a significant amount with the use
of composites. Finally, the use of composites has been widely known to save weight,
especially on small-scale projects, such as this one. The propeller and its hub should also
both be made out of composite materials. With these components hitting the flow head on,
they need to be strong. The aircraft will also be finished in a bright orange color. This will
be done to ensure differentiation between the sky, ice, and water that the aircraft will fly
over.
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2.2

Competitive Assessment

To estimate some parameters based on current UAVs on the market, a competitive assessment
was assembled. This was done to compare the geometries, weights, and the performance
of each aircraft to the expected specifications of the Carrier Pigeon. The three main aircraft
include the 49 lb. AAI Aerosonde,32 the 58 lb. Boeing-Insitu ScanEagle,33 and the 135 lb.
Boeing-Insitu RQ-21 Blackjack.34 These aircraft all fall within the initial weight estimate
for the Carrier Pigeon. They all fly at speeds around 100 KTAS and fly up to an altitude
of 20,000 ft. Each have an endurance of over 24 hours as well. Any characteristics of the
Carrier Pigeon that venture far from these values should be analyzed significantly.
It was found that both the Aerosonde and the ScanEagle have an empty weight fraction of
0.60. The RQ-21’s empty weight fraction was found to be 0.61. The extreme similarity
here makes sense for aircraft of the size and complexity. Additionally, they are all made
of composite material. An initial empty weight fraction of 0.60 was chosen for the Carrier
Pigeon because of the similarity to these aircraft.
These aircraft all launch from a catapult system. Since these are all used in the battlefield,
it is imperative that their launchers are dynamic, yet durable. The ScanEagle leaves the
catapult at 50 KTAS. With the expected similarity of the Carrier Pigeon to the ScanEagle,
it should be assumed that the Carrier Pigeon must also have a launch speed of 50 KTAS.
The Carrier Pigeon will be assumed to have a a CL,M ax of 1.0 at take-off. This a fairly
conservative assumption for the relatively large wing that the aircraft will have. Using this
CL , the aircraft will have an initial wing loading of 8.07

lb.
.
ft.2

This will be used in the sizing

process.
The competitive assessment also produced the guesses for the L/DM ax of the aircraft.
Although specifications on small UAVs are rarely released to the public, similar aircraft
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exist in the form of full scale aircraft. Previous research showed that the L/D ratios for the
Northrop Grumman RQ-4 Global Hawk and General Atomics MQ-9 Reaper were around
22. Since the Carrier Pigeon will not be used for high L/D ratio operations like loitering,
the starting value for the L/DM ax of the Carrier Pigeon will be 20. The Carrier Pigeon
will be sized to the maximum L/D ratio. This ratio produces an aircraft which flies at
the condition that maximizes range in a piston engine powered aircraft, which the Carrier
Pigeon will be doing. This is a fairly high L/D, but it could be achievable with correct
design. The final L/D obtained will be validated by later performance analysis.

2.3

Breguet Range Equation

Louis Charles Breguet was one of the first ever aviation pioneers, founding both an airline
and an aircraft company. However, his real claim to fame among aerospace engineers
is the Breguet Range Equation. It determines the range of an aircraft when given multiple
parameters about the aircraft, as seen in Equation (2.1). E represents the design aerodynamic
efficiency of the aircraft. This can be calculated as the L/D. The propeller efficiency
is represented by ηp . This will be assumed to be 0.8. The specific fuel consumption is
expressed as ĉ. This value is the weight of fuel burned per horsepower per hour. It is
measured in

lb.
.
hp.hr.

Finally, Wff represents the fuel weight fraction of the aircraft. This is

the total weight of fuel for the entire mission, divided by the maximum take-off weight of
the aircraft.
ηp E
Range =
ln
ĉ



1
1 − Wff


(2.1)

With the fuel weight fraction obtained, the maximum take-off weight of the aircraft can be
determined using the assumed empty weight fraction, the weight of the payload, and the
range of the aircraft.
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2.3.1

Aircraft Range

The maximum take-off weight of the Carrier Pigeon must be determined using the maximum
range of the aircraft. Both the origin and the destination are known, but the published
distance between them cannot be assumed for sizing
In Section 1.5, it was determined that the aircraft must have the ability to fly to Christchurch,
New Zealand. This was chosen mainly due to the fact that the data from the aircraft
would be the most useful to researchers and scientists at one of many Antarctic exploration
facilities in the city. As a direct path, Christchurch is exactly 2,850 nmi. from the South
Pole, the furthest of all candidate destinations. By sizing an aircraft to fly this route, it
would have the ability to fly to any other destination that would be applicable.
On top of the theoretical distance that the aircraft must fly, it must also carry fuel to account
for any changes in distance the aircraft will fly due to wind. The addition of distance
for wind can be scientifically determined. The components of the flight trajectory can be
broken up into vector components, representing north/south and east/west. Without wind,
the only vector with a non-zero value would be the north/south vector. However, with any
sort of crosswind, the aircraft will travel in both vector directions. Therefore, the speed
the aircraft flies will be be the sum of the wind vectors, as well as the true airspeed of the
aircraft. This is called the ground speed. The “wind triangle” used to calculate the ground
speed be illustrated in Figure 2.1.
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Figure 2.1: Vector Components of Flight Trajectory

Historic global wind data was found for the Antarctic winter of 2016. This source shows
the weather at each set of latitudinal and longitudinal coordinates on Earth and at various
altitudes in the atmosphere as well.35 An example can be seen in Figure 2.2, where the
wind speeds increase as the colors move from green to pink. On five different dates with
observed “typical” weather and three different dates with “extreme” weather, wind speed
was collected at various coordinates along the flight path. The weather was analyzed at
a pressure altitude of 500 hPa., which is equivalent to approximately 18,000 ft. It was
estimated that the wind would not change much between 18,000 ft. and the cruising
altitudes of the aircraft.
Areas of similar wind speed were collected together to form a series of incremental distances.
Using a test speed of 115 KTAS and the wind data, the components of aircraft ground speed
were determined at each of the increments. The distance that the aircraft flies through the
air in each of the intervals is the ground distance multiplied by the ratio of the true airspeed
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and the ground speed. On a day with “typical weather,” the maximum distance that the
aircraft flies through the air will be 3,400 nmi.

Figure 2.2: An Example Weather Map35

However, on an “extreme” day, the maximum distance rises to 3,675 nmi. The Carrier
Pigeon should not be launched with known adverse weather conditions. However, some
additional range should be added in the event that weather develops after the aircraft
departs. Therefore, 50% of the difference between these ranges will be added to account
for “extreme” weather, which equates to an additional 150 nmi. The difference between
these ranges can be see in the bar graph, representing Figure 2.3. An additional 100 nmi. of
reserves will be added as well. This will allow the aircraft more range in case of inclement
weather at the destination. Only 100 nmi. was added at this step due to the durability of
the Carrier Pigeon. Even if the aircraft lands outside the net system, the data will still be
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recovered. These two contingencies bring the total sized range of the aircraft to 3,650 nmi.,
which is what will be used as an input to the Breguet Range Equation.

Figure 2.3: Bar Graph of Range

2.4

Engine Assessment

Due to the size of the aircraft and the speed at which it will fly, the most logical approach is
to have a propeller engine system. A very special high-performance engine will be needed
to satisfy the long endurance of the mission. However, there are currently a few engines
on the market which could possibly fulfill the needs the aircraft. From the competitive
analysis, most aircraft in the space either use four-stroke or Wankel engines. These engines
are comparable to those found in snowmobiles, jet skis, and dirt bikes. However, they have
been specially designed for propeller-driven UAV use.

27

The first candidate engine is the RCV-DF35, which can be seen in Figure 2.4a. RCV is one
of the leaders of gas-powered small UAV engines. Their line is focused on the DF35, and
its derivatives. They each went through a recent refresh, bringing in new parts and materials
to decrease weight and increase power. The DF35 is a four-stroke, single-cylinder engine
outputting 3.0 hp. It is meant for heavy fuel so AN8 would easily work in this engine.
With a published specific fuel consumption (SFC) of 0.55

lb.
,
hp.·hr.

it is very comparable to

other engines on the market.36 The second candidate engine will be its larger derivative,
the DF70, which is shown in Figure 2.4b. This is extremely similar to the DF70 except it
is a twin-cylinder. Its SFC remains the same, but the power output increases to 5.7 hp.37
The final candidate engine is the 3W-180-SRE Engine. This is one of the newest UAV
engines on the market. The high-power version of this Wankel rotary engine outputs 27.5
hp. It features a water-cooling system for the housing and an oil-cooling system for the
rotor. Its SFC is comparable to the RCV motors at 0.54

lb.
.
hp.·hr.

This engine has the ability

to run on heavy fuel or regular gasoline, so running off the South Pole’s AN8 again should
not be a problem.38 The engines can be found in Figure 2.4 and their information can be
found in Table 2.1.
These engines all represent different types of small aircraft engines which run on heavy
fuel. These engines span a large range of performance, from 3 hp. to 27 hp. Prior to the
sizing process and generation, it will be hard to determine the engine needed to fly the
mission. These specific engines were chosen to maximize power to volume and power to
weight ratios. It is more important to notice that each of the engines listed has virtually the
same specific fuel consumption. This shows that at this size of aircraft engine, the specific
fuel consumption will remain very similar. For the sizing process, an SFC of 0.556 was
chosen. RCV published data about each engine about the true SFC at cruise conditions for
each of its engines. The DF35 and DF70 both had the same value, so this was the best
value to choose.
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(a) RCV DF3536

(b) RCV DF7037

(c) 3W-180-SRE38

Figure 2.4: Possible Engines for the Carrier Pigeon
Table 2.1: Candidate Engine Specifications
RCV DF3536 RCV DF7037 3W-180-SRE38
Type
One-Cylinder Two-Cylinder
Rotary
Subtype
Four-Stroke
Four-Stroke
Wankel
Power (hp.)
3.0
5.7
27.5
lb.
SFC ( hp.·hr.
)
0.55
0.55
0.54
3
Volume (in. )
76
315
430
Dry Weight (lb.)
4.6
7.1
15

2.5

Initial Sizing Results

Previous sections have gone over the rationale behind the inputs to the Breguet Range
equation. After an initial guess was found, a series of iterations were carried out in response
to further analysis to the aircraft created at the iteration. Table 2.2 shows the initial guesses
as well as the iterated specs for the final aircraft. All other input parameters to the Breguet
Range Equation were held constant throughout the process.
Table 2.2: Sizing Parameters: Initial & Final
Inputs
Initial Guesses Final Values
Empty Weight Fraction
0.6
0.6470
L/D
20
18.25
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The final aircraft was the result of many iterations, converging on the values shown above
using the synchronization of aircraft performance and weight ideals and results. The
aircraft was first iterated around the ice protection system. A baseline UAV would not
be carrying such a system, so the addition of the ice protection system would increase the
empty weight fraction of the Carrier Pigeon over a typical UAV. The difference in empty
weight fraction must be equal to the weight of the system. A detailed description of this
process can be found in Section 3.1. The L/D iteration came after aircraft performance
analysis, and verification that the aircraft would be able to achieve such an L/D. The
aircraft with these specifications will be described in detail throughout the next chapters.
Table 2.3 below shows some basic parameters of the aircraft that were obtained from this
initial sizing process. These will be defended in later analyses.
Table 2.3: Initial Sizing Results
Maximum Take-Off Weight (lb.) 86.9
Empty Weight (lb.)
56.2
Wing Loading ( flb.
8.07
)
t.2
2
Wing Area (f t. )
10.8
Aspect Ratio
6
Payload Weight (lb.)
0.5
Wing Span (f t.)
8.03
Chord Length (f t.)
1.39

In this chapter, initial assumptions were made about the aircraft, and they were used in
the Breguet Range Equation to size the Carrier Pigeon. Using these basic specifications, a
more-complete aircraft model can be constructed.
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Chapter 3
DETAILED SIZING

The basic parameters of the aircraft have been set from the Breguet Sizing Equation. The
following sections will describe the details needed to generate a full aircraft model. This
will include the determination and layout of internal components as well as tail sizing. This
section will produce the basic entire aircraft, which can then be analyzed in later chapters.

3.1

Ice Protection

Throughout the flight path of the Carrier Pigeon, the aircraft will experience extremely cold
weather. The temperature on the surface and above Antarctica are explained in Section 1.2.
However, as explained in Section 1.2.1, there is essentially no moisture in this part of the
atmosphere, so ice will not form while the aircraft is at the South Pole or while flying over
Antarctica. This will not hold true while the aircraft flies over the Southern Ocean and
Christchurch (or any other destination for that matter). Temperatures and moisture levels
will both increase, allowing ice to form on the aircraft.
To account for this, an ice protection system must be installed on the leading edge of the
entire span of the wing. Due to the small nature of the aircraft, the ice protection system
must be as light as possible to not increase the total weight of the aircraft by a significant
value. Instead of the typical de-icing boots that are seen on many large aircraft around the
world, the Carrier Pigeon will utilize an Electro-Mechanical Expulsion De-icing (EMED)
System. Each actuator on the wing will vibrate from an electric charge being imparted on
a magnetic field. This forces the aircraft skin to have a large acceleration, which forces the
ice to break off. An example of an EMED System can be found in Figure 3.1.
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Figure 3.1: An Example of an EMED System within a Wing39

Adding the extra weight of the ice protection system must be accounted for in the initial
sizing process. A more powerful aircraft must be created to carry the weight of the system.
In a paper from the International Council of Aeronautical Sciences about alternative methods
of de-icing aircraft, it was determined that an EMED system would weigh approximately
20 lb. on a Cessna 337 Skymaster which was used as a test bed.40 With a wingspan of 38.75
ft., it was determined that this system would have a specific length of just under 0.5

lb.
ft.

With

an aspect ratio of 6 and a wingspan of 8.03 ft., the total weight of the ice protection system
would be 4.15 lb. To account for this weight, the empty weight fraction must be increased
accordingly. An increase in the empty weight fraction of 0.047 above the nominal 0.60,
as described in Section 2.2, would force the aircraft to weigh 65.5 lb. more–the amount
needed to carry this ice-protection system. This is quite a large increase, but expected with
the size of the aircraft and its sensitivity to the input parameters.
The leader in the design, development, and implementation of EMED systems for aircraft
is Cox & Company. They estimate that an EMED system would use up about 300 Watts of
electrical power per aircraft, assuming this aircraft would have a wingspan of 40 ft.39 This
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normalizes to 7.14 Watt per ft. of wingspan. Using the Carrier Pigeon’s wing span of 8.03
ft., this yields a total electric power use of approximately 57.4 W. The easiest way to power
this is via a generator.

3.2

Internal Fuselage Components

This section will cover the specifics of all the internal components of the aircraft to make
it necessary to fly the mission. The ice-protection system was covered in Section 3.1 and
the payload components in Section 1.3.1, so they will not be repeated here. Once all of the
components’ weights and sizes have been established, they can be placed and balanced in
the aircraft.

3.2.1

Engine

In Section 2.4, three different engines were presented as possible options for the Carrier
Pigeon. Although these engines all have the same fuel consumption, their power outputs
are very different. Based on its drag profile at cruise conditions, the RCV DF70 engine
will be the correct choice for the aircraft, which can be seen in Figure 3.2. It measures
approximately 6.4 x 10.4 x 4.8 in.37 The fuselage height and width will be driven by the
cross-sectional area of the internal components of the engine which will make it 7 x 7.5 in.
Parts of the cylinder head will stick out of the sides of the aircraft, but will be done in a
minimal way to avoid a large drag penalty. To be mounted at the front of the aircraft, the
engine must occupy the front 4.75 in. of the fuselage. The generator needed for the ice
protection system and avionics will be mounted on the front end of the prop shaft, between
the propeller and engine. A 30 in. propeller was assumed for the Carrier Pigeon.
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Figure 3.2: RCV DF70 Engine37

3.2.2

Fuel Tank

The fuel tank will sit behind the engine to easily feed in fuel. Most aircraft store fuel in
the wings in order to alleviate the load generated by lift as well as to keep room in the
fuselage for payload and other components. However, due to the necessity of the aircraft to
be easily assembled and disassembled for storage and flight operations, limiting the amount
of physical connections between the fuselage will be imperative.
The fuel tank will carry 27.68 lb. of fuel. This equates to 3.95 gal., using a density
of approximately 7 lb./gal. of AN-8 fuel. Assuming the fuel tank takes up the entire
cross-sectional area of the fuselage and acts like a “wet fuselage,” the fuel tank would be
approximately 17.5 inches in length. Because of the decreasing weight of the fuel tank
throughout the flight, it is likely that the wing will be situated over the tank.
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3.2.3

Avionics

The Carrier Pigeon must carry electronic components on-board in order to control the
aircraft while in the air. All avionics will be powered by the same generator on the front of
the aircraft that will be used by the ice-protection system.
First, the aircraft must have the ability to connect to the internet via a satellite connection
to upload changes to the flight plan and download real-time aircraft data. To do this, the
aircraft must be fitted with a transceiver. The Carrier Pigeon will use an Iridium Core 9523
transceiver, which is shown in Figure 3.3a. This 1.1 oz. chip allows the aircraft to be in
constant communication with the ground station. This is the smallest piece of avionics as
well, with it only taking up 1.25 in.3 A small satellite antenna patch may be needed, but it
will not be covered in this stage of the design.41
With the immense length of the flight and with the short staff at the South Pole during the
winter, it is imperative that the aircraft have autonomous flight capabilities. The Carrier
Pigeon will utilize the Collins Aerospace Piccolo Elite, which is shown in Figure 3.3b.
This system allows operators to program routes on the aircraft prior to departure and then
have the aircraft verify it and change course as necessary to maintain flight in the correct
direction. This is one of the standard pieces of hardware for high-quality UAVs. The
Piccolo Elite takes up approximately 25 in.2 and weighs 7.7 oz., the heaviest piece of
avionics.42
For most of the flight journey, the aircraft will be one of only a few aircraft in the immediate
airspace. There is essentially no traffic both above Antarctica and above the oceans between
South America/Oceania and Antarctica. However, once the aircraft starts to approach its
destination, it will encounter other aircraft, from commercial airliners to military transports
to general aviation aircraft. Air traffic controllers will not have the ability to change the
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direction of the Carrier Pigeon, but it will need to monitor the location of it, and adjust
other aircraft accordingly.
Therefore, the Carrier Pigeon will need to employ a system that sends out ADS-B data. This
format is used by air traffic controllers and plane spotters to track the location, altitude, and
speed of aircraft. To do this, the Carrier Pigeon will use the RANGR 978 device, which
can be seen in Figure 3.3c. It is the largest piece of avionics at 52 in.2 and is fairly heavy
at 6 oz.43 There are some smaller systems meant for UAVs. However, these would likely
not be able to last in a vehicle as robust as the Carrier Pigeon. With the advancement
of ADS-B technology in the past few years, it is possible that a smaller and light system
will be developed in the near future before the Carrier Pigeon goes into production. The
RANGR 978 will be a placeholder until such a system becomes available.

(a) Iridium Transceiver41

(b) Piccolo Autopilot42

(c) RANGR ADS-B In/Out43

Figure 3.3: Avionics in the Carrier Pigeon

3.2.3.1

Electrical Power Requirements

The aircraft will have four components which must run on electrical power: the transceiver,
autopilot, ADS-B system, and the ice protection system. The transceiver and autopilot
will run for the entirety of the flight and teh ADS-B system will only need to operate
during the final hour of the flight when it is near civilization. During the entire flight, 7.1
W of electrical power will be used on the transceiver and avionics. The ADS-B system
will need just 2.2 W of electrical power. The ice protection system will need 57.4 W of
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electrical power. However, the ice protection system will only have to be used during the
descent phase of the flight, when it actually passes through icing conditions. This can be
approximated as 30 minutes of ice protection in the over 30 hour journey. Converting the
electrical power to mechanical horsepower, using the same specific fuel consumption as the
engine, a flight duration of 32 hours, and an efficiency of conversion 0.8, the ice protection
system will only need 0.03 lb. of fuel. With the same calculations, the total fuel consumed
for all the avionics will be just 0.21 lb. of fuel. The total fuel used for electronics will be
just 0.24 lb. This is a very small amount, and is less than 1% of the fuel needed for the
flight mission.
To convert the mechanical power of the engine to electric power, a generator must be used.
Generally, generators for aircraft of this size will go on the propeller shaft of reciprocating
engines. A custom generator and controller might have to be manufactured for this application
with variable power at different parts of flight. Provisions for a 1 lb. generator fixed just in
front of the engine will be made in the center of gravity calculations.

3.2.4

Firewall

The firewall is a barrier that divides the engine from the rest of the fuselage, preventing
heat from traveling through to the rest of the aircraft. This is standard practice in the
aviation industry, but is extremely prevalent in single-engine, general aviation aircraft. The
firewall’s edges must be made of stainless steel plates which are 1/16 in. thick. Inside the
wall will be insulting fibers to absorb the heat. The width of the firewall will be 1 in. and it
will only allow connections to the engine for power and fuel.
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3.3

Center of Gravity

Since the aircraft’s internal components have been established, it is imperative to pack
them in the fuselage for space and to minimize the shift in the center of gravity. Of the
external aircraft structure, only the fuselage and the tail will affect the center of gravity
of the aircraft because the weight of the wing will be strategically centered around the
center of gravity of the aircraft. This was done to minimize the CG travel if any other
internal components need to be added or moved. With the ice protection system and the
structure of the wing, this will be easily accounted for. The fuselage and tail were sized
using material densities from Gundlach.44 These densities were an average for small UAVs
constructed from composites. The fuselage and tail boom were sized at a density of 0.066
lb.
,
in.3

a baseline value for composite density, and assumes a 1/16 in. wall thickness. The tail

was sized at 0.5 lb. per ft.2 of wetted area. The rest of the aircraft are internal payloads
and systems. The engine and its related parts (propeller, generator, etc.) were placed at the
front of the aircraft. There is no evidence at this stage to support an aircraft with a pusher
configuration, so the engine was placed at the nose of the aircraft. The firewall comes
immediately after the engine to prevent heat from exiting the engine bay.
In an ideal configuration for the Carrier Pigeon, the avionics compartment would sit behind
the engine compartment to allow the avionics to receive heat from the engine. Next to the
avionics would be the hard drive compartment. The hard drive will not need to be running
during the flight, but it is necessary that it does not freeze. Low temperatures could damage
the hard drive and make the data unrecoverable, rendering the flight useless. Behind this
would be the fuel tank. Since the avionics compartment is relatively small, the fuel tank
would actually sit under and behind the avionics bay, allowing direct access to the engine.
This would extend to the end of the fuselage.
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The fuselage in the configuration mentioned above forced the aircraft to be extremely nose
heavy. Additionally, with the fuel tank at the aft part of the fuselage, the center of gravity
would move quite a bit throughout the course of the flight, so components throughout the
fuselage had to be rearranged. As mentioned above, the engine and its components would
have to stay in the same place, so all change must be made aft of it. The fuel tank was
brought forward to be behind the engine and firewall. This allows the wing to be brought
further forward and the travel of the center of gravity to be smaller.
The avionics bay and the payload are in the tapered part of the fuselage. This is less
than ideal because of the engine (and its heat) being so far away, but it can be solved
in two different ways. The first is by artificially limiting ventilation within the avionics
compartment. This increases the temperature within the compartment to a suitable operating
environment. The other way is to add a small heater to the compartment. This would add
complexity, power, and weight to the system, but it might be necessary. Further thermal
testing on the electronics would be required prior to manufacturing.
The Center of Gravity should only travel approximately 5% of a chord length throughout
an entire flight. The fuel, avionics, and payload needs to be pushed further aft to create a
small gap between the fuel tank and the firewall to allow the center of gravity to be within
tolerance. The addition of the 2.75 in. gap makes the overall length of the fuselage 39 in.
This gap allows the fuselage to be a length that is on the order of a quarter of a ft. This
will aid in packing purposes. A graph of the center of gravity travel as a percentage of the
wing’s chord vs. the gap in the fuselage can be found in Figure 3.4. The red star shows the
chosen point.
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Figure 3.4: Center of Gravity Travel vs. Gap Length

The center of gravity travels just 0.22 in., which equates to 0.70% of the chord of the
wing. The final packing of the fuselage can be seen in Figure 3.5. The center of gravity
was centered around the 23.25% location of the chord to correctly balance the aircraft.
Center of gravity details can also be found in Table 3.1. To calculate the moments for each
component, a datum at the front of the fuselage was used. The total weight of the body
does not come up to the full maximum take-off weight of the aircraft. The wing will make
up a significant portion of the weight that hasn’t yet been accounted for. Additionally, there
will be wiring, lines, and insulation that will likely have a very minimal effect of the center
on gravity of the aircraft, and their moments will average out to having their total center
near the center of gravity of the aircraft.

40

Figure 3.5: Side View of the Fuselage with Dimensions

Table 3.1: Center of Gravity of Aircraft Components
Weight (lb.) Distance to Datum (in.) Moment (lb. − in.)
Fuselage
4.01
19.13
76.65
Tail Boom
1.71
55.5
94.94
Tail
1.74
69.0
119.8
Propeller
0.73
-1.90
-1.39
Generator
1.00
-0.70
-0.70
Firewall
0.46
5.25
2.39
Engine
7.05
2.38
16.74
Fuel
27.6
17.25
476.7
Avionics
0.93
28.12
26.06
Payload
0.50
30.61
15.30
Total
45.75
826.43

3.4

Tail Design

The horizontal and vertical tails allow the aircraft to be stable in both the lateral and
longitudinal axis. This section will discuss the basics of the tail design while Chapter 6
will explore it in depth.
The horizontal tail was sized using controllability and stability requirements, along with a
5% margin. The center of gravity must not be too far forward to keep control of the aircraft,
and it must not be too far back to maintain stability. Using a tail boom of 33 in., this yielded
a horizontal tail volume coefficient of 0.1. To find the horizontal tail area (SH ), Equation
41

(3.1) was used, with LH as the distance from the center of gravity of the aircraft to the
aerodynamic center of the horizontal tail. The horizontal tail coefficient is represented by
VH , the wing reference area with SRef , and the mean aerodynamic chord with MAC. The
use of the equation gave a horizontal tail area of 304 in.2 . Using a chord length of 8 in.
yielded a span of 38 in.
SH =

VH SRef M AC
LH

(3.1)

The vertical tail was sized from a competitive analysis of small general aviation aircraft
with basic geometries to the Carrier Pigeon. With this, the vertical tail coefficient was found
to be 0.04. Using Equation (3.2), a vertical tail area (SV ) of 122 in.2 was determined, using
the The vertical tail coefficient is represented by VV , the wing reference area (SRef ), the
wingspan (b), and the distance from the center of gravity of the aircraft to the aerodynamic
center of the vertical tail (LV ). With a base length of 10 in. and a top length of 7 in., the
vertical tail will have a height of 14.5 in. Finally, it was decided that the tail be configured
as a T-tail for ease of attachment. The final tail configuration can be seen in Figure 3.6.

SV =

VV SRef b
LV

42

(3.2)

Figure 3.6: Horizontal and Vertical Tail of the Aircraft

Specific physical details of the aircraft were determined in this chapter. Included are all the
internal components needed to fly and how they were arraigned, as well as the size of the
tail. The Carrier Pigeon can be seen in Figure 3.7.
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Figure 3.7: The Completed Carrier Pigeon
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Chapter 4
DRAG ANALYSIS

The basic dimensions of the aircraft have previously been established, so its performance
can now be analyzed. The zero-lift drag coefficient, CD,0 , must be created. This coefficient
defines the aircraft in terms of its size, surface area, and the air it is traveling in. Using this
coefficient, the performance of the aircraft can be analyzed.

4.1

Drag Build-Up

To determine the CD,0 , a build-up of components must be accomplished. This build-up
accounts for the drag of each component of the aircraft as well as terms for the interference
between all of the pieces.

4.1.1

Component Build-Up

Each surface of the aircraft must have its own parasitic drag coefficient term. This mainly
takes into account the skin friction, frontal area, and surface area. This section will describe
the specifics of each component.45 The equation for the zero-lift drag coefficient of the
wing, Equation (4.1), describes the zero-lift drag coefficient of the wing ((CD,0 )W ) in terms
of many parameters. These include the turbulent flat plate skin friction coefficient of the
wing (CfW ), the airfoil thickness location parameter (L), the maximum thickness to chord
ratio of the airfoil (t/c), the wetted and reference area of the wing (SRef & SW et ), and the
lifting surface correlation factor (R). Each of these values were easily found in tables or
from earlier stages of the design. To find the drag of the wing, airfoil characteristics must
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be assumed. It was assumed that the airfoil thickness parameter will be 1.2 because the
maximum t/c ratio of 0.12 of the airfoil occurs at or after the 30% chord location. The
lifting surface correlation factor was determined by relating the wing sweep angle and the
Mach number. With no sweep and a Mach number less than 0.25, the R value used will be
1.065.
"
(CD,0 )W = CfW

 4 #
 
t
SW et
t
+ 100
R
1+L
c
c
SRef

(4.1)

The zero-lift drag coefficient of the body (CD,0 )B is measured a bit differently. With
the significant length of the body, there is a specific skin friction coefficient of the body
((CDf )B ) which accounts for most of the drag, Equation (4.2).This primarily takes into
account the dimensions of the body with the length (lB ), diameter (d), wetted area (SS ),
and cross-sectional area (SB ). It also has the flat plate skin friction coefficient general to
the aircraft (CfB ). Since the body comes to a blunt base at the end, two terms in Equation
(4.3) are needed. This contains the diameter of the base (db ) as well as the body skin
friction.
 
lB
SS
60
+ 0.0025
3
(lB /d)
d
SB
q
3
(CD,0 )B = (CDf )B + 0.029(db /d )/ (CDf )B


(CDf )B = CfB 1 +

(4.2)
(4.3)

The zero-lift drag coefficients of the wing and the body can be connected together to form
the drag coefficient of the wing-body of the aircraft. This allows it to be one cohesive
piece, so drag is not double-counted when considering each of the components together.
This equation only takes into account the ratio between the cross-sectional area of the body
and the wing’s reference area. This can be seen in Equation (4.4).

(CD,0 )W/B = (CD,0 )B

SB
+ (CD,0 )W
Sref

(4.4)

The zero-lift drag coefficient of the tail (CD,0 )T is the ratio of the sum of the tail areas, SHT
and SV T to the wing’s reference area, multiplied by the CD,0 of the wing. It also removes
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the skin friction coefficient of the wing and replaces it with that of the tail, CfT . This can
be seen in Equation (4.5). The basic zero-lift drag coefficient of the aircraft adds Equation
(4.4) to Equation (4.5).
SHT + SV T
(CD,0 )T = (CD,0 )W
Sref



C fT
C fW


(4.5)

Table 4.1 shows the values for each part of the aircraft. This is a baseline zero-lift drag
component without adding any interference factors. The total basic CD,0 is fairly low for the
aircraft, but this is to be expected with how small the aircraft is and the lack of interference
terms.
Table 4.1: CD,0 of Individual Aircraft Components
Component Drag Coefficient
Wing-Body
0.00845
Tail
0.00184

4.1.1.1

Skin Friction Coefficient

In Section 4.1.1, the equations for the parasitic drag coefficients for different parts of the
aircraft were laid out and explained. In each of the equations, there is a skin friction
coefficient term attached to it. This term is multiplied by the rest of the equation, so it
is by far the most important component to the parasitic drag of the aircraft. To characterize
the skin friction coefficient, it is important to know the operating conditions of the aircraft.
The aircraft will be flying at a cruise speed of 114 KTAS and 20,000 ft., a result of
the mid-mission analysis done in Section 4.2.2. Using this information, as well as the
geometric parameters of the aircraft, the Reynolds numbers of each component of the
aircraft must be calculated. The skin friction coefficient is based heavily on the Reynolds
number.
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The Reynolds numbers (Re) of each component of the aircraft are along the order of 106 .
This means that there is likely a significant amount of the aircraft that will remain in the
laminar regime, with the rest of it being turbulent. To characterize these principles, Raymer
gave Equation (4.6).46 In this equation, k is the fraction of the aircraft that will experience
laminar flow. In this case, the transition point was approximated with a Reynolds number
of 5 x 105 and Mach (M ) 0.196.
0.455
1.328
(1 − k)
Cf = √ (k) +
(log10 Re)2.58 (1 + 0.144M 2 )0.65
Re

(4.6)

The Carrier Pigeon or an aircraft of similar size or parameters is not represented in such
equations. For general aviation composite aircraft, Raymer suggests that 25% of the fuselage
and 50% of the wing and tail remain laminar flow, which would make the transition point
of the aircraft further aft than this basic equation suggests.46 To scale this to an aircraft
the size of the Carrier Pigeon, the most common composite general aviation aircraft was
examined–the Cirrus SR22. Using an operating condition that would mimic its likely
design condition (cruise speed at cruise altitude), the Reynolds number of the fuselage,
wing, and tail were found at the transition points indicated by Raymer. Additionally, as
a buffer, these Reynolds numbers were each cut in half as well. All of these Reynolds
numbers in question were each along the order of 107 . The Reynolds number of the full
components of the Carrier Pigeon were each along the order of 106 . By this logic, the entire
aircraft should be experiencing laminar flow.
However, it must be noted that the wing and tail of the SR22 employ NLF airfoils, which
are specifically designed to keep the flow attached and laminar for as long as possible. Due
to this, finding the Cf of the wing and tail will use the k value that came from the traditional
Reynolds number transition method. However, there is enough evidence to show that the
flow over the entire fuselage will be laminar. This may cause some concern with the engine
in the front of the aircraft, and any prop-wash would create turbulence in the downstream
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flow. However, the SR22 and all other composite general aviation aircraft experience the
same phenomenon, so it is not exactly applicable to this method. This will be included in
the drag in Section 4.1.2. Table 4.2 summarizes the coefficients by aircraft component. The
fuselage has a very low Cf , but this expected with how low its contribution to the drag of
the wing-body of the aircraft.
Table 4.2: Skin Friction Coefficients by Component
Component
Cf
Wing
0.0310
Fuselage
0.0005
Tail
0.0027

4.1.2

Interference Build-Up

Since the aircraft is in a fairly standard configuration with no additional interfaces, there
are no other terms that need to be added to the main equation of CD,0 . This section will
primary be composed of multiplying various terms by factors to account for interference
with blunt edges and interfaces.
The wing-fuselage interference factor describes the drag caused by the interference between
the wing of the fuselage. This is the largest interference term present in this system. It is
dependent on the operating speed and environment of the aircraft, and is used to estimate
the effect of the skin-friction coefficient of the fuselage. Using the Reynolds number of
the fuselage, and an estimated Mach number of 0.20, the wing-fuselage interference factor
was determined to be 7.2% of the wing-body drag term, using a published graph from
Roskam.47 This is actually fairly high when compared to other aircraft, due to the small
size of the Carrier Pigeon. As the fuselage Reynolds number increases, the aircraft will
experience much smaller wing-fuselage interference drag, due to the increased speed and
longer length of the fuselage, allowing the wing to have less of an impact on the total body.
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The wing-fuselage angle interference factor quantifies the drag due to lift of the fuselage
itself due to it being a lifting surface. That, along with its interactions with the wing, make
this interference term appropriate to add to the drag of the wing-body. This roughly follows
Equation (4.7). With the Carrier Pigeon’s CL,M ax of 1.0, this yields a 2.0% increase of the
wing-body drag term.48

2
W ing − F uselage Angle Interf erence F actor = 0.01[CL,max
+ 1]

(4.7)

The tail configuration will also produce some interference drag between the horizontal and
vertical stabilizers. For a single horizontal stabilizer (as opposed to two separated by the
fuselage) in either a conventional or T-tail configuration, Horner suggests adding a factor
of 4% to the tail’s CD,0 .48
The three interference components above each relate to specific components of the aircraft.
These next two apply to the whole aircraft. First, since the propeller is at the front of the
aircraft, its wake will have a negative impact on the rest of the aircraft. From Horner,
this was classified as a 4% increase in drag to the entire aircraft.48 Next, the aircraft will
encounter some trim drag when at cruise. This results from the small deflection in the
rudder, ailerons, and elevators during cruise to maintain flight direction. This was classified
as a 5% increase in drag to the total aircraft. A further analysis of trim drag will be required
in the next phase of the project.
Table 4.3 shows a concise list of the additional drag factors that have been added to the
aircraft. In total, this results in a CD,0 of 0.0123. This number is to be expected with the
size and operating conditions of the aircraft. From this, the drag of the aircraft in all flight
conditions can be analyzed.
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Table 4.3: CD0 Interference Factors
Factor
Percent Application
Wing-Fuselage
7.2
Wing-Body
Wing-Fuselage Angle
2.0
Wing-Body
Tail Configuration
4
Tail
Propulsion Effects
4
Aircraft
Trim Drag
5
Aircraft

4.2

Performance Effects

With the established CD,0 of the aircraft, a drag polar for the aircraft can be created. This
will show the relationship between CD and CL for all phases of flight. The equation for
drag must be used for this, Equation (4.8), which also considers the Aspect Ratio (AR)
and the Oswald Efficiency (e). Figure 4.1 shows the drag polar of the Carrier Pigeon. The
red and green stars show the points on the drag polar that correspond to the beginning and
end of steady, level flight, respectively. These points are very close to each other, proving
that the CL remains fairly constant throughout the flight, moving just 0.01 from the start
to the end of the flight. The black star shows the point of maximum operational efficiency.
Graphically, this is the point at which the line that is tangent to the polar also intersects the
origin.
CL =

p

(CD − CD0 )πeAR
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(4.8)

Figure 4.1: Drag Polar of the Carrier Pigeon

Figure 4.2 shows the lift to drag ratio, L/D of the aircraft vs. the lift coefficient CL . This
metric of aerodynamic efficiency now is a checkpoint that our sizing has yielded expected
results. The black star measures an L/DM ax of 18.39, just over the design value of 18.25.
This is a small but expected buffer compared to the actual result. Additionally, the red and
green stars again are the L/D values for the start and end of the mission. At an average
L/D of approximately 15.75, this is well within the bounds of the aircraft.
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Figure 4.2: L/D vs. CL

4.2.1

Excess Thrust

From these graphs, the excess power can also be calculated. Knowing the drag of the
aircraft at both the start and end of the mission, the excess power is the difference in
x-direction force between the drag and the thrust at that condition. The thrust at each
altitude follow Equation (4.9), where σ is the density ratio at altitude, P is the power
generated by the engine, and V is the velocity of the aircraft.49 These calculations will
utilize the Carrier Pigeon’s RCV DF-70, which outputs 5.7 hp.

T hrust =

ηp P σ
V

(4.9)

The thrust at the beginning of cruise was found to be 6.36 lb. The drag at this condition is
5.43 lb. This is a net thrust of 0.94 lb. At the mid-point of the mission, 5.41 lb. of thrust is
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produced, but 3.88 lb. of drag is also produced. This results in a net thrust of 1.54 lb. At
the end of cruise, the engine produces 4.58 lb. of thrust, while the aircraft produces 3.80
lb. of drag. This is a net thrust of 0.77 lb. These values assume the throttle will be at a 70%
full setting during cruise. Since there is a positive net thrust at all conditions, the DF70 is
the correct choice of engine. However, it is still possible that a new engine will have to be
developed for the Carrier Pigeon to reduce the weight. It could also feature turbocharging
to ensure that the aircraft can produce that amount of thrust at altitude.

4.2.2

Operational Efficiency

In basic design principles, the aerodynamic efficiency of the aircraft is considered to be the
best metric for the efficiency of the aircraft. The aerodynamic efficiency is represented by
the lift-to-drag ratio that was determined by the Breguet range equation in Section 2.5. Due
to the extreme length of the journey, it is imperative that not only is the aircraft efficient,
but also that the operation of the aircraft is efficient as well.
The operating condition of the aircraft must be analyzed in terms of both aerodynamic and
operating efficiencies in one, cohesive metric. This was done by looking at the glide ratio
of the aircraft, multiplied by the Mach number of the aircraft. When graphed against speed,
this non-dimensional parameter can effectively show the best operating condition for the
aircraft. Since the speed of the aircraft has not been a driving factor in previous analysis, it
can be determined from the results of this section.
The aircraft will follow a cruise climb profile throughout the mission. The aircraft would
begin its journey at 15,000 ft., and end at 25,000 ft. Applying this to the Mach x L/D
curves results in Figure 4.3, with the three curve at the beginning, middle, and end of the
mission. These take the altitude and the weight of the aircraft at each point in the mission
into account. At the beginning of the mission, the optimal speed is just a bit higher at 115
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KTAS At the end of the mission, this drops to 112 KTAS The primary point of analysis for
the aircraft is at mid-mission, so the aircraft will still be optimized for 114 KTAS At these
conditions, if the aircraft still flies at 114 KTAS, it must fly at a slightly different L/D. This
is likely the best option in this case, and it will be well within the bounds of the aircraft.

Figure 4.3: Operational Efficiency at Each Part of the Mission

The drag of the aircraft was characterized by analyzing at each individual component as
well as a whole aircraft. Then, the performance of the aircraft was investigated in order to
find the optimal conditions for flight.
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Chapter 5
WING DESIGN

The wing that was generated from the initial sizing and analyzed in the aircraft’s performance
will be looked at. Deep aerodynamic design will not be undertaken, but rather just a
verification of the current wing. Further aerodynamic and structural analysis will be undertaken
in the next stage of this design.

5.1

Previous Results

Using the assumed wing loading from Section 2.2 and the maximum take-off weight generated
from Section 2.5, the physical specifications about the wing were generated. They can be
found in Table 5.1.
Table 5.1: Wing Parameters from Sizing
) 8.07
Wing Loading ( flb.
t.2
2
Wing Area (f t. )
10.75
Aspect Ratio
6
Wing Span (f t.)
8.03
Chord Length (f t.) 1.39

An aspect ratio of 6 was chosen for handling reasons. The chord length needed to be large
enough to be handled at the South Pole. Additionally, the wingspan must be minimized
for shipping and handling purposes. A non-swept wing was chosen due to the speed of the
Carrier Pigeon. The aircraft will not come close to flying in the transonic region, so a swept
wing would be unnecessary. The taper ratio of the wing was chosen to be 1 to minimize
the wingspan of the aircraft. With taper, the chord length would increase, but would not be
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worthwhile for the increase in wingspan. The wing generated from sizing is fairly standard,
but will be analyzed to ensure that it will function for the Carrier Pigeon.
Using the location of the center of gravity, the leading edge of the wing was found to sit
13.3 in. behind the front of the aircraft, with the center of gravity for the aircraft sitting
23.25% of the way through the chord of the aircraft. In Section 4.1.1.1, the Reynolds
number of the wing was determined to be 1.34 x 106 . This means that the leading 37% of
the wing will experience laminar flow at the optimal speed at mid-mission.

5.1.1

Ice Protection

As described in Section 3.1, the aircraft will fly through icing conditions when it descends
into its destination. The majority of the ice on the aircraft will be on the wing due to its
large frontal area. The ice will collect on the leading edge and hinder the wing’s lifting
properties. Therefore, an ice protection system must be installed there. An EMED system
will be installed as it provides adequate coverage with the lowest weight penalty. To fit the
system to the entirety of the leading edge of the wing, it would have to weigh 4.15 lb. An
increase in the empty weight fraction of the aircraft was done to compensate for this. The
EMED system will be fitted within the leading edge of the wing, and will likely force the
bulk of the wing weight further forward.

5.2

Aerodynamic Results

This section will cover the aerodynamic analysis of the wing that has been created by
matching or surpassing the drag profile created for the wing with an assumed airfoil.
XFLR5 was used for all analyses in this section. It uses airfoil data and panel code to
analyze the aerodynamics of small scale aircraft. Within XFLR5, all calculations utilized
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the Vortex-Lattice Method, which is a method widely used in early stage conceptual design.
It assumes the wing to be an infinitely-thin sheet of vortices to compute the lift and induced
drag of the bodies being analyzed. This also assumes that the flow is ideal, and that
there is very little to no slide-flow, which is a good assumption at this stage of the design.
Additionally, XFLR5 cannot assume the effects of viscous drag in the system. This will be
far outweighed by vortex drag, so this will not be an issue The analyses were conducted
at mid-mission, similar to Section 4.2.2. The aircraft will be at a constant airspeed of 114
KTAS at 20,000 ft., with a non-standard temperature for flying over Antarctica. At this
stage, the aircraft will weigh approximately 73 lb.

5.2.1

Airfoil Candidacy

Most aircraft in production utilize airfoils that have been specifically designed for the
aircraft. These airfoils will reduce drag at certain points, and will likely keep the flow in the
laminar regime for as long as possible, especially over control surfaces and other important
spots. The Carrier Pigeon will have a tailor-made airfoil at the end of the detailed design
process. However, for now, typical airfoils will be chosen.
Since the wing is rather large for the vehicle due to the stall speed requirement, lift generation
characteristics will not be a huge issue. Therefore, the drag profile and lift-to-drag ratio
of the wing for each airfoil will be the main points of validation. In Section 4.1.1, the
thickness-to-chord ratio of the wing’s airfoil was assumed to be 0.12. A thicker airfoil
would force the wing to incur a larger drag penalty, and a thinner airfoil would not be
optimal for handling or fitting an ice protection system. Additionally, the location of the
maximum t/c was assumed to be at or after the 30% chord location. The airfoils chosen in
this section must adhere to these criteria.
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Three basic airfoils were chosen for comparison based on the criteria listed above. These
are all standard NACA airfoils, as an aircraft-specific one will be developed later on in the
design. This also allowed for more analysis due to the data that is already available for
these wings. These three airfoils were analyzed:

• NACA 2412
• NACA 4412
• NACA 63412

If the wings utilizing these airfoils supersedes the requirements for each parameter measured,
it will be confirmed that the wing is properly sized, with drag that is accounted for correctly.

5.2.2

Wing Aerodynamic Analysis

XFLR5 was used to calculate the total lift and drag (induced and parasitic) of a wing with
each of the airfoils listed above, for angles of attack from -5°to 15°. This encompasses all
regimes from zero-lift to near stall. Using this data, a drag polar for wings with each of the
airfoils was created. This was plotted against a drag polar using the parasitic coefficient of
the wing and an assumed Oswald Efficiency (e) of 0.88. This can be seen in Figure 5.1.
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Figure 5.1: Drag Polar of the Wing by Airfoil

All of the drag profiles seem to roughly match each other in both shape and start points.
XFLR5 uses approximately the same calculations to determine the parasitic drag coefficients,
but uses advanced math to determine the induced drag. The NACA 2412 airfoil wing seems
to have the smallest parasitic drag coefficient of 0.0060. The wing with the NACA 63412
airfoil has a CD,0 of 0.0068. Finally, the empirical drag build-up as well as the NACA 4412
airfoil wings have CD,0 s of approximately 0.0076. Theoretically, this makes sense. The
2412 and the 63412 have maximum cambers of 2% and 2.2% of the chord, respectively.
However, the 4412 has a maximum camber of 4% of the chord, double the camber of the
other two airfoils. The empirical drag-build up seems to match up well with the profiles of
the three candidate airfoils. With methods that come purely from equations rather than a
panel analysis, there is bound to be some error. However, it should relatively match, which
it does here.
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Using the created drag polars, it is possible to analyze the L/D of these wings. The
aerodynamic efficiency of these wings must be higher than that of the empirical drag-build
up wing in order to successfully model the aircraft and have it perform the mission. A plot
of the L/D vs. CL is found in Figure 5.2. As in Figure 5.1, there are four different curves
to represent each airfoil as well as the one from the drag build-up.

Figure 5.2: L/D vs. CL of the Wing by Airfoil

Since the parasitic drag coefficients of the wings with specific airfoils were lower than that
of the one resulting from the drag build-up. The NACA 63412 has the highest maximum
L/D at just over 30. The 2412’s L/DM ax is just under 30. Since the parasitic drag
coefficients of these two are so similar, it makes sense that their maximum L/D are also
very close to each other. The curve for the wing with the 4412 airfoil reaches its maximum
at an L/D of 26, whereas the curve of the drag build-up maxes out at an L/D of 18.4. This
is all likely due to the true difference in induced drag. The efficiency of the wing is not a
fixed number, but in the build-up it must be. This plot amplifies the error in that.
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5.2.3

Aircraft Aerodynamic Analysis

The generated drag profiles of the wing can be applied to the entire aircraft that it will
be flying on. To do this, the parasitic drag component of each total drag data point was
isolated. This was fed into the rest of the aircraft’s drag build-up in order to create an
aircraft centered around the specific wing. For this assumption, it was assumed that the
fuselage does not produce lift. This is technically not true, but it is negligible enough to be
excluded from this analysis. These created a new set of drag polars, which can be compared
to that of the entire aircraft. This comparison is seen in Figure 5.3.

Figure 5.3: Drag Polar of the Aircraft by Airfoil

The NACA 2412 wing has the lowest total parasitic drag coefficient of 0.0104. The wing
with the 63412 airfoil has a parasitic drag coefficient of 0.0111. However, the polar for
this airfoil bends backwards, unlike that of 2412 wing. Therefore, at a CL from 0.06 to
0.5, the 63412 wing actually has a lower total drag. Again, the 4412 wing and the drag
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build-ups have an exact parasitic drag coefficient match of 0.0123. This trend continues
when the aircraft produces lift. The polars match each other up until a CL of 0.3, when the
drag build-up polar has an increase in drag. The trends all match the drag polar of the wing
alone. The build-up seems to be approximating an airfoil with a 4% max camber.
From the various drag polars for the entire aircraft that have been generated, the L/D vs.
CL of the aircraft by airfoil can be produced, which can be seen in Figure 5.4. Making sure
that these are higher or at the same level as the drag build-up generated curve will be useful
in later sizing of the aircraft and further performance analysis.

Figure 5.4: L/D vs. CL of the Aircraft by Airfoil

The wing with the NACA 63412 airfoil results in the highest maximum L/D of 20.4. Just
under that is the 2412 wing with an L/DM ax of 19.8. The 4412 wing has an L/D that is
actually lower than design at 17.7. One thing to notice is that the maximum L/Ds occur
at lower CL s when compared to the drag build-up. The airfoil-specific curves all have a
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maximum at lift coefficients between 0.35 and 0.40. However, the drag build-up forces the
maximum at a CL of 0.45. Additionally, at high CL s, the drag build-up forces a higher
L/D than any of the curves with the XFLR5 data. At a CL of 0.8, the build-up wing has an
L/D that is 2 higher than any airfoil-specific wing.
After the complete analysis, the NACA 4412 will be the chosen airfoil for the aircraft. This
is due to its similar performance to the wing drag generated from the build-up, especially
at the cruise conditions generated by the optimal speed of flight. The great performance of
the other two wings show that the aircraft will be capable of higher L/Ds if needed.

5.3

Structural Considerations

Structural characteristics of the aircraft will be briefly covered. Although a full structural
analysis will not be performed at this stage, laying out some aspects of the wing’s structural
profile will create a better structural understanding of the project. This will be accomplished
by constructing a theoretical structural profile of the full wing, as well as outlining a plan
of how the wing will be secured to the fuselage. By accomplishing these tasks in the
conceptual design phase, a directed, in-depth study can be undertaken in the next steps of
design.

5.3.1

Internal Structures

In aircraft structures, the wing is treated as a beam with external forces acting on it. The lift
generated by the wing pushes the wing up. This is counteracted by the fuel, the stiffness of
the spar, and possibly an engine. This aircraft will be a little different because of the lack
of fuel and engines decreasing the magnitude of upward bending. This is rather common
at the end of the flight for many aircraft, but not at the start of the mission, like this case.
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The front of the wing will house the ice protection system. This system will weigh 4.15 lb.,
which is just about 0.5

lb.
ft.

This could cause the center of gravity of the wing to be further

forward relative to the chord. Embedded at the back of the wings will be the wires that will
control the servos for the ailerons. They will have push-rods that will attach to the aileron
to control its actuation. The center of the wing will remain empty.
The wing will likely have to have two spars–a main spar and a drag spar. This will be
done to distribute the counteracting load of the wing. The main spar would sit close to the
quarter chord of the wing. It should be a continuous I-beam that spans from wingtip to
wingtip. The drag spar could be reduced to a C-channel. This would sit around the 75%
chord of the wing. A diagram showing an example cross-section of the wing can be found
in Figure 5.5.

Figure 5.5: Cross-Section of the Wing

5.3.2

Wing Attachment

The wing must be attached to the fuselage in such a way that it does not affect the drag
profile of the aircraft, can structurally support the aircraft (and vice-versa), and be nimble
enough for South Pole workers to attach it.
For the wing to be attached properly to the aircraft, it must blend in seamlessly to the
fuselage. This will be done by using a specialized wing box, which can be seen in Figure
5.6. The fully assembled wing will slide into the wing box. The wing will be bolted to the
wing box using two large bolts. This will be done so that the wing can easily be attached
and reattached while wearing bulky gloves. These will likely be made of a lightweight
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material like nylon. The upper surface and part of the wing box will be threaded, so there
is not a need to fit a nut into the wing to tighten the bolt. These bolts will have to prevent
movement in all three directions. In the y- and z-directions, there will not be a significant
amount of force or impulse. However, there will be a significant amount of impulse in the
x-direction at both launch and recovery. These bolts need to be able to handle this. They
should be spaced out as much as possible to try to distribute its load as far outboard as
possible. The wing assembly, with the wing inside the wing box can be seen in Figure 5.7.

Figure 5.6: Wing Box with Mounting Holes

The wing box will encompass the top part of the fuselage and have a flush fit. It will be
bolted on with four bolts in each corner that will go in from the top through the box, straight
into the fuselage. One thing that must be considered is the controls for the ailerons and ice
protection system, which must pass from the avionics bay, through the fuselage, through the
wing box, and through the wings. Wires can easily pass through individual pieces, but there
might be an issue going between parts. Luckily, there are no other physical connections
like a fuel line or cables that have to pass through. A very important design consideration
has the be the operating environment at the South Pole. Although these operations are to
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be done inside, there is a possibility that some last-minute assembly would have to be done
outside. Workers will have on very large and bulky gloves, so the large the interface, the
better.

Figure 5.7: Wing and Wing Box Assembly

5.4

Flight Setup

Prior to flight, the wing should be first attached to the wing box. Then the wing box
assembly should be attached to the wing. At each step, a current should be passed through
the metallic piece to make sure that the aileron connection is working correctly prior to
further installation. Another test should be done prior to flight, but this can be done as a
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normal pre-flight check, along with the other aircraft systems. The wing box will close the
fuselage, so it is best if the wing box is fitted to the aircraft prior to fueling. This would also
help whomever is preparing the aircraft, so they will not have to deal with the fuel weight
while transporting it outside.
The wing that was generated from the initial sizing will be able to support the flight of the
Carrier Pigeon. After careful analysis, it was found that the wing will employ the NACA
4412 airfoil to generate lift to keep the aircraft in the air. The wing will fit into a wing box,
which will then all attach to the fuselage.
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Chapter 6
TAIL DESIGN

The vertical and horizontal tails were sized from various methods using known aircraft
specifications. The tails’ integration into the aircraft and the system as a whole must be
done in a way to be structurally sound and to provide ease when attaching.

6.1

Tail Configuration

The first step in the tail design process is choosing the configuration of tail. There are a
few possible configurations that would be within the norm for an aircraft like this. The first
two options are the conventional tail configuration and the T-tail. These are common in the
aircraft industry. The next two configurations are a bit different, but can be considered.
First is the cruciform tail, which has the horizontal tail mounted halfway between the
fuselage and the top of the vertical stabilizer. The last configuration, the V-tail, combines
the horizontal and vertical components of the tail into only two surfaces, mounted at an
angle to form a “V” shape.
The configurations must first be analyzed from the standpoint of drag. Hoerner quantified
that each different tail configuration would produce a different amount of interference
drag.48 For a tail in either a conventional or T-tail configuration, the interference drag
would total approximately 4% of the total tail drag. For a V-tail, this drops to 3%, due to
the decrease in tail surfaces and the increase of distance between the individual surfaces.
However, for a cruciform tail, this increases to 6%, likely due to the fact that both the upper
and lower surfaces of the horizontal tail are touching the vertical tail. This high drag will
eliminate it from contention. This aircraft is meant to be fairly practical and easy to operate.
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With the unsophisticated autopilot system on-board, it is best to stay away from the V-tail
configuration due to its complexity. This leaves the conventional tail and the T tail. The
T-tail allows easy mounting during assembly since the horizontal can be attached after the
vertical. Therefore, the chosen tail configuration for the Carrier Pigeon will be a T-tail.
The T-tail will be mounted at the rear of the aircraft. A tail boom will extend from the end
of the main 39 in. fuselage. This will be 33 in. long, bringing the total length to 72 in.
The longer the tail arm is, the smaller the tail will be. This will be evident in equations
presented in Section 6.2. The boom will be a hollow, 2 in. diameter tube. The fuselage
will taper into the tail boom, and it will be fully integrated in to the rest of the aircraft.
With the tail boom, the aircraft will be exactly 6 ft. long. This should be helpful in packing
purposes.

6.2

Tail Sizing

This section will cover the sizing of the horizontal and vertical tail sections. It will go into
depth on how the coefficients and areas were determined.

6.2.1

Horizontal Tail

The horizontal tail was sized to maintain both stability and controllability while in-flight.
There are no true requirements for margin of each of these, besides that the aircraft must
remain statically stable and controllable at stall. However, for a buffer, a 5% margin was
added to each side in order to insure that the aircraft will not have marginal handling
qualities. With a flight computer, this margin can decrease, but inserting the buffer will
allow the aircraft to naturally fly well. The best way to approach this is by constructing
a “scissor plot.” This plot shows the margins for stability and controllability as a function
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of center of gravity location movement as well as horizontal tail coefficient. This direct
relationship between the center of gravity and the horizontal tail coefficient allows for a
simple way to analyze the stability and the general size of the aircraft. It can be seen in
Figure 6.1.

Figure 6.1: Horizontal Tail Sizing Diagram “Scissor Plot”

The center of gravity only moves 0.70% of the chord as determined by Section 3.3. This
is represented by the black vertical bars. The controllability requirement is represented by
the solid blue lines while the 5% margin is shown with the dotted blue line. Similarly, the
stability requirement (location of the neutral point) is shown with the solid red line and
the 5% margin is represented by the dashed red line. The black bars must horizontally lie
between both dashed lines at the desired horizontal tail coefficient. The wing is assumed
to be fluid, meaning that it can move to the location needed to minimize the horizontal tail
coefficient. It was found that the wing must be placed in a location where the aircraft’s
center of gravity was centered around the 23.25% chord location. The smaller coefficient
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will lead to the smallest area possible, which will reduce drag of the aircraft. The lowest
horizontal tail coefficient, VH , that met these requirements was 0.1.
A VH of 0.1 is rather small. However, with the extremely small amount of shift in the
center of gravity (less than a quarter of an inch), this makes sense. Now that the horizontal
tail coefficient has been determined, the size of the horizontal tail (SH can be found using
Equation (6.1) with the horizontal tail coefficient (VH ), the wing reference area (SRef ), the
mean aerodynamic chord (MAC), and the distance from the center of gravity of the aircraft
to the aerodynamic center of the horizontal tail (LH ). It was determined that the horizontal
tail would need to be 304 in.2 , or about 2.1 ft.2 This seems to make sense for the size of the
aircraft and the distance the tail is from the center of gravity. A chord of 8 in. was chosen
for the horizontal chord, which resulted in a span of 38 in. This yielded a tail aspect ratio
of approximately 4. A symmetric airfoil, the NACA 0012, was chosen for the horizontal
tail. This might change in later analyses. The final horizontal tail can be seen in Figure 6.2.

SH =

VH SRef M AC
LH
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(6.1)

Figure 6.2: Horizontal Tail of the Carrier Pigeon

6.2.2

Vertical Tail

In a multi-engine aircraft, the vertical tail would be sized to an engine-out condition. If
an engine fails at the most critical part of the flight (just after the aircraft reaches its V1
speed during the take-off roll), the aircraft must take-off, climb to a sufficient altitude, and
return to the airport. All of this must be done while flying at its VM CA , the minimum speed
needed to maintain directional control. The vertical tail and rudder must be large enough
to counteract the slide slip angle created by the asymmetric thrust vector. However, the
Carrier Pigeon will only have one engine, so this will not be a logical application.
To size the vertical tail, a very basic competitive assessment was analyzed with data provided
by Roskam’s Aircraft Design.47 Different single-engine general aviation aircraft were
compared on the basis of vertical tail volume coefficient. Since the Carrier Pigeon closely
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resembles this type of aircraft, it is best to look here. When comparing the tail volume
coefficient of these aircraft, they tended to fall somewhere between 0.025 and 0.045. Because
of this range, a vertical tail volume coefficient of 0.040 was chosen. This falls well within
the range presented, but since it is in the upper 75% of values, adds some tail area for the
possibility of error. Using Equation (6.2), the area of the vertical tail (SV ) was found to be
122 in.2 using the vertical tail coefficient (VV ), the wingspan (b), the wing reference area
(SRef ), and the distance from the center of gravity of the aircraft to the aerodynamic center
of the vertical tail (LV ). The distance was done so that the back of the bottom chord lines
up with the end of the tail boom. This equation is extremely similar to Equation (6.1), the
one used to size the horizontal tail.

SV =

VV SRef b
LV

(6.2)

The vertical tail will have a taper ratio of 0.7, meaning that the size of the upper chord of
the tail will be 70% the size of the lower chord. It will be assumed that the base chord will
measure 10 in., while the top chord will be 7 in. The total chord at the top of the vertical
will be 8 in. due to the horizontal tail’s chord length. The height to be 14.3 in. to keep an
area of 122 in.2 . This resulted in a sweep angle of 24.5◦ . This taper ratio of 0.8 is rather
large for a tail. In traditional aircraft, the taper ratio of the vertical tail ranges from 0.4 to
0.6. This ratio was chosen in order to ensure that there would be enough room at the top of
the tail to mount the servo used to actuate the elevator. It is also possible that there might
be enough room in the tail boom to mount the servo, but a control rod would have to run up
the entire height of the tail. The rudder will then take up the latter 35% of the vertical tail.
Due to the heavy winds, a large control surface might be needed. The completed vertical
tail can be seen in Figure 6.3.
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Figure 6.3: Vertical Tail of the Carrier Pigeon

6.3

Tail Setup

The tail attachment will not be as difficult as that of the wing. The full tail section will be
in three parts after shipping. The combination of horizontal and vertical tails will fit into
the boom using a slot and pin system. The wires for the rudder and elevator will be able
to feed through a small hole in the vertical to go through to the boom. The boom and the
empennage will then attach to the fuselage in a similar way. The wires can then connect
straight to the avionics bay near the back of the aircraft. After the full tail section has been
installed, it will be ready to fly, after a control surface check prior to departure. The full,
assembled tail section can be seen in Figure 6.4.

75

Figure 6.4: Empennage and Tail Boom of Carrier Pigeon

The tail section of the Carrier Pigeon was sized with proper methods with input from the
geometry of the rest of the aircraft. The tail section was also designed to be installed with
ease prior to flight.
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Chapter 7
LAUNCH & RECOVERY

The process of launch and recovery should be done to preserve resources and allow the
workers on both ends of the flight to devote minimal effort towards the aircraft while it is
on and near the ground. The launch of the aircraft will garner more attention due because
it happens at the South Pole, where the environment must be taken into consideration.

7.1

Options Overview

This section will go over the options for launch and recovery. Using background information
about each method will form a decision to be further pursued.

7.1.1

Conventional Landing Gear

The conventional landing gear system is seen on almost all aircraft around the world. The
Carrier Pigeon would have its landing gear in a traditional format with a nose gear and two
main gear hanging off the wing. With the amount of snow on the ground at the South Pole,
the aircraft would likely need oversized snow tires or skis in order to prevent sinking into
the un-compacted snow. These would have to retract into the fuselage in such a way that
the skis are completely flush with the aircraft’s body in order to maintain its aerodynamic
consistency.

77

7.1.2

Catapult & Net System

The catapult & net system comes from use in many other small UAV applications. At
the South Pole, the aircraft would be hand-placed in some sort of launching mechanism,
completely ready to fly. This would require some workers to exit the Amundsen-Scott
Station for a significant period of time. From there, the aircraft will be launched using a
large potential energy source (elastic cord, springs, pneumatics) and possibly the engine’s
thrust as well. There would be no specific interface between the aircraft and the launcher,
like a hook. There will just be a tray where the aircraft sits or something will go around
the aircraft to secure it. After the catapult launches the aircraft, the engine will turn on if
it has not already. When it approaches its destination, it will be caught by a net. Other
recovery options include a cable-assisted catcher or having the aircraft land on its belly,
assuming it will be reinforced to prevent damage. This method would likely be better for
the vehicle itself, since there are not many, if any, modifications that will need to be done
to it. However, this would require a significant amount of infrastructure to both the South
Pole and to the destination.

7.1.3

Option Selection

The launch & recovery method of choice will be the catapult and net system. The most
important part of the system is the vehicle. Changing the layout, weight, or outer mold of
the aircraft could have large consequences on the system, and force it to weigh much more
than it already does. The need for additional infrastructure is concerning, especially at the
South Pole. However, this will be a “one-time” transportation of equipment, instead of the
continuous need for aircraft and fuel.
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Figure 7.1: Example of a UAV using a Pneumatic Launcher50

7.2

Launcher

The Carrier Pigeon’s launcher must use some sort of potential energy in order to launch the
aircraft to a speed where the aircraft can maintain flight. This can be done via elastic cord,
springs, or pneumatic cylinders. Springs and elastic cords, like bungee cords or heavy duty
rubber bands, are both easy to implement. However, the aircraft will need more power to
get to its takeoff speed of 50 KTAS. Therefore, a pneumatic cylinder will have to be used.
Hydraulic cylinders could also be a possibility, but those seem to be too complex for the
mission.
The launcher will be assumed to be approximately 20 ft. long. The aircraft will sit on a 10
lb. shuttle that will transport it to the end of the launcher and accelerate it. The full distance
of the shuttle’s travel will be approximately 15 ft. This will be the value used for the later
calculations. The launcher will be inclined at an angle of 10°, so that once the aircraft
launches off, it will be at an angle of attack to begin climbing. The average acceleration
of the shuttle and aircraft (AccelLauncher ) must be calculated with Equation (7.1),44 using
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the launch velocity (VLaunch ) and the length of the launcher (LLauncher ). This equation is
derived from basic kinematic equations. The acceleration was found to be approximately
240 ft./sec.2 , which is high, but expected with such a system.

AccelLauncher =

2
VLaunch
2 · LLauncher

(7.1)

Using this acceleration, the force acting on the shuttle and aircraft is found using Equation
(7.2). This takes into account the weight of the aircraft at launch (MTOW), the weight of the
shuttle (WShuttle ), acceleration due to gravity (g), and the angle of the launcher (θLauncher )
This will be important later to calculate the stroke length of the piston.

FShuttle = (M T OW + WShuttle )

AccelLauncher
+ sin(θLauncher )
g


(7.2)

The force of the piston (FP iston ) needed for the launcher must also be found. This will
get the shuttle and the aircraft the acceleration it needs to reach its take-off speed. Typical
portable air tanks have a rating of 125 psi., so this will be assumed as the starting pressure
in the air cylinder. The final pressure will the standard atmospheric pressure at the altitude
of the South Pole. This is a large change in pressure (∆P res). Knowing that a large air
cylinder will likely be needed, the bore diameter (DP iston ) was assumed to be 10 in. Using
Equation (7.3), it was found that the force acting on the piston was 9,000 lb. The moments
of the piston and the shuttle should be equal. Using this relationship, as seen in Equation
(7.4), the stroke length of the piston (LP iston ) can be found. This was found to be just 14.5
in.
FP iston = ∆P res ·
LP iston =

π 2
·
4

FShuttle · LLauncher
FP iston
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(7.3)
(7.4)

Bimba Manufacturing specializes in custom parts for machinery, including air cylinders.
They offer heavy-duty air cylinders with a bore diameter of 10 in. and any stroke length.51
This shows that the launcher will be fairly easy to manufacture, no matter the final specifications
of the aircraft. An example Bimba piston, with a 14.5 in. stroke length, can be seen in
Figure 7.2. Its max rating is 125 psi., so there is no real possibility of overloading. While
inside, the tank must be filled up with compressed air and taken to the launcher along with
the aircraft. Any small air compressor should work for this application. Each launch will
require 5 gal. of air. A 10 or 15 gal. air tank would be ideal. In case of a misfire, there is
additional air ready to be used.

Figure 7.2: Example Bimba Air Cylinder that will be used51

7.3

Recovery

Once the aircraft has flown to its destination, its fuel tank will be essentially empty. It
must very quickly come to a stop without any damage to the aircraft. The Carrier Pigeon
took-off from a launcher, meaning that it will not have landing gear. That limits the ways to
recover the aircraft. One option includes a cable-assisted recovery. This would be similar
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to a system that the Navy uses to slow aircraft down on aircraft carriers. This would allow
for less infrastructure at the destination, but would also require the aircraft to have a very
accurate flight computer for it to hit the cable. The next best option is a net recovery
system, an example of which can be seen in Figure 7.3. It works in a similar way to the
cable system, but in this case, the aircraft will fly into a net that is held above the ground.
The net then stops the aircraft and brings it to the ground. This will likely be the best option
for the Carrier Pigeon.

Figure 7.3: Example of a UAV using a Net Recovery System52

The aircraft will approach the net at its destination at a very slow speed. At this point,
the aircraft’s ADS-B receiver must be relaying its position, altitude, and speed data to air
traffic controllers in the area. This will be done to make sure that larger aircraft can avoid
the Carrier Pigeon. A collision with another aircraft, even as big as an airliner, would cause
a significant amount of damage. The aircraft will approach the net. It will be held up by
two posts, with two attachments on each post. Just as the aircraft is about to hit the net,
the aircraft will turn the engine off to avoid damage to the propeller. It will also pitch up to
stall the aircraft prior to impact. With the lower weight and higher density in Christchurch,
the stall speed of the aircraft drops to 40 KTAS. Stalling the aircraft will allow the least
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amount of energy to be transferred to the net. The equation for the energy from the aircraft
(ERecovery ) can be seen in Equation (7.5). It takes into account the weight of the aircraft at
recovery (WRecovery ), the velocity of the aircraft (VRecovery ), and the height of the aircraft
(HRecovery ).

ERecovery = WRecovery

2
VRecovery
+ HRecovery
2·g


(7.5)

It was found that the aircraft will have 4,800 ft · lb. of energy. Approximately 12% of this
energy comes from the height of the aircraft, and the rest comes from the kinetic energy of
the aircraft moving. This energy must then be transferred to the connections between the
poles and the net. This can be done using springs or elastic cables. Allowing the aircraft
to come in at a slower speed would greatly decrease the amount of energy required. A
10 KTAS drop in airspeed would decrease the energy of the aircraft by almost 40%. The
aircraft would try to go into a deep stall for this to work. Additionally, an external force
can be produced to slow the aircraft down. This could include speed brakes or a parachute.
However, these would add a significant amount of weight to the system.
The Carrier Pigeon will be launched using a pneumatic launcher and will be recovered
using a net system. Its size will allow the aircraft to take-off and land at safe speeds to
allow for minimal damage to the aircraft system.
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Chapter 8
FEASIBILITY & CONCLUSIONS

8.1

Operations

The operations of the Carrier Pigeon have been briefly mentioned throughout the previous
chapters in bits and pieces, but this will be the true guide on how to operate the Carrier
Pigeon. On average, more than 700 GB of data can’t be uploaded every day. With the 30
TB hard drive on-board, this equates to approximately one flight every 36 days. This can
be condensed to one flight per month.
The aircraft must be prepared while inside due to the harsh conditions. Additionally, light
sources are not abundant at the South Pole, so headlamps must be used. Some experiments
even require total darkness.53 Therefore, most operations should be done while inside.
First, the hard drive must be installed into the fuselage. There will be a hatch on the top
of the fuselage to access the avionics and payload compartments. Next, the wing must be
installed into the wing box. Once that has been done, a basic check of the ailerons should
be done by running current through the wires and verifying that the connection will be
valid. After that has been finished, the wing box can be installed into the fuselage. Again, a
current check should be completed. Next, the tail section should be first attached together,
and then attached to the aircraft. These are just pinned on pieces, but the wires to connect
the elevator and rudder servos must be connected. While inside, the air tank must be filled
to capacity at a pressure of at least 125 psi. Once the aircraft is taken outside, it must be
fueled. With a fuel tank capacity of 4 gal., all of the fuel needed can easily fit inside a
standard jerrycan. There will be a small fuel door on top of the fuselage just ahead of the
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wing. Once this is done, the engine should be started. It can then be placed on the shuttle
of the launcher.
Inside the South Pole Station should be a command station for the Carrier Pigeon. Although
the aircraft is autonomous, it will still need to have an interface with the workers at the
South Pole. The main part of this will be a command computer. This will give automatic
updates on the health and position of the Carrier Pigeon. It will also allow the workers to
program waypoints for the aircraft to fly. Additionally, there will be some manual controls
as well. These will control the aircraft while it is on the ground. Using the command
computer, the aircraft should check control surfaces and do an engine run-up. Once the
aircraft is completely ready to go, air can be released into the piston and the aircraft will
be launched. The engine should be sped up to full throttle while the launch is occurring in
order to maintain speed once the aircraft gets airborne.
The aircraft will begin climbing, initially to 15,000 ft. With the South Pole already at 9,301
ft., this isn’t too far of a climb. During the flight, as the aircraft loses weight, it will cruise
climb to 25,000 ft. A graph of the flight can be seen in Figure 8.1. The wind forecast at
each location along the journey will be known prior to take-off, and the best route will be
flown by full autopilot. The aircraft will have extra fuel on-board in case of a last-minute
change in the wind. Once the aircraft is 150 nmi. from its destination, it will begin its
descent.
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Figure 8.1: Altitude vs. Distance of the Carrier Pigeon

The aircraft will land in a net that will be put up at the destination. It will connect twice to
two different poles. The Carrier Pigeon will approach the net at its stall speed of 40 KTAS.
Just prior to impact, the engine will be turned off to prevent damage to the propeller and
the engine. Once the aircraft has been caught, it will be taken apart at its destination. This
will allow parts to be shipped back to the South Pole for the next cycle. The hard drive will
be taken to research lab to analyze its content. This will be repeated nine times throughout
the winter months of the South Pole. This system will be weather independent, and will
rely on the workers having the ability to go outside to launch the Carrier Pigeon.

8.2

Packing & Shipping

To get the Carrier Pigeon to the South Pole, it must arrive either via sled convoy or in a
pallet on an LC-130. Therefore, the packaging of the Carrier Pigeon must be done well
enough so that space is saved, and the most Carrier Pigeons can be transported at once.
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The reference packaging size will be the 463L pallet. This is the generic piece of carrying
hardware used by the US Air Force. It measures 108 x 88 in. and can be packed up to 96 in.
high. It has a weight limit of 7,500 lb., but with the average density of the Carrier Pigeon,
this will not be an issue. A diagram of this can be seen in Figure 8.2.

Figure 8.2: Internal Layout of a C-130 Hercules54

With the geometry of the Carrier Pigeon, there are not many ways to take the aircraft apart
for packing purposes. The aircraft will be shipped in seven parts: the fuselage, the wing,
the wing box, the tail boom, the horizontal tail, the vertical tail, and the propeller. Stacking
the fuselages at the bottom of the pallet will allow for 28 to fit on the bottom, 14 in a row
along the 108 in. side of the pallet. Another row on top will bring the total to 56 aircraft.
On top of that, a row of 44 wings can be stacked. The tail booms can easily fit in-between
the airfoils here. Another 12 wings will make up the next row. In-between the wings will
be the propellers. In the final space will sit the various empennages. The vertical tail will
be able to detach for transportation, but will not be an easily removable part. The air tank
and compressor can fit here as well.
The launcher will be disassembled into many different parts. It will likely be made of
6061-T6 aluminum, so it will be fairly light and easy to group into parts. The piston and
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the shuttle will be relatively heavy, but only one of each will need to be shipped. Only
one or two air tanks need to be shipped, along with the compressor. If for some reason the
compressor does not work at the South Pole, tanks that are full of compressed air must be
shipped. This would be a difficult and potentially unsafe task. It is imperative to find a
way for the compressor to work at the South Pole in order to save on shipping tanks. The
computer used to run the aircraft can be assumed to already be at the South Pole.
The amount of aircraft being sent will last at least five years, assuming the flights happen
at the same frequency as assumed in Section 8.1. With some refinement, more aircraft can
be shipped as well. The Air Force may also opt to take only a few on a pallet. If this option
is chosen, more supplies can be taken to the South Pole for the winter.

8.3

Conclusion

This thesis discussed the design and development of the Carrier Pigeon, a small unmanned
aerial system designed to physically carry data from the South Pole to various destinations
in the Southern Hemisphere, but specifically, Christchurch, New Zealand. It will have the
ability to fly 3,650 nmi. while carrying a 30 TB solid-state hard drive. The Carrier Pigeon
weighs 87 lb., with 32% of that being fuel. It will have a wing area of 1,550 in.2 . With an
aspect ratio of 6, this results in a wing span of just over 96 in. and a chord length of 16 in.
It will feature a 39 in. fuselage with a 33 in. tail boom. The aircraft will carry an de-icing
system for the leading edge of the wings. This system will weigh 4.15 lb., and will make
the Carrier Pigeon one of the only UAVs on the market with this capability. The Carrier
Pigeon will use an RCV DF70 motor, capable of outputting 5.7 hp.
The aircraft will be shipped in pieces to the South Pole. There it will be assembled for
flight. It will be launched from a pneumatic launcher at the South Pole. It will initially
climb to 15,000 ft. and cruise climb to 25,000 ft. during the mission. Once it reaches New
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Zealand, it will descend and be caught by a net restraint system. Once there, the hard drive
will be extracted from the aircraft and analyzed in a lab–something that could not have
been done before this.
The first objective was to size an aircraft to fly the mission while both carrying the payload
and adapting to the weather conditions in-flight. The Breguet Range equation was used
to find the maximum take-off weight of the aircraft needed to carry the 0.5 lb. payload,
to a destination, determined to be up to 3,650 nmi. away. The aircraft’s empty weight
was increased to allow for the fitting of an ice protection system so it can fly at high
altitudes. It will also have avionics on-board to fly autonomously and integrate itself
into the airspace around it. The second objective was to investigate the wing generated
during the sizing process using aerodynamic analysis based on induced drag corresponding
to a specific airfoil to ensure adequacy for the aircraft. Different baseline airfoils were
compared using Vortex-Lattice Method lift and drag profiles from XFLR5 to confirm that a
known configuration would be accurate. These were then put up against the drag polar and
L/D of the aircraft generated from the drag build-up to confirm an airfoil selection. The
final objective was to outline a plan of operations for the Carrier Pigeon, focusing on the
needs of the workers at the South Pole as well as limitations in the aircraft. First, a profile
of the flight was created. Next a summary of the life of the Carrier Pigeon was laid out,
which covered shipping to the South Pole, assembly, and launch. Provisions were made
with each part to be handled while outside of the Amundsen-Scott Station. Launch and
recovery specifications were determined as well.
The Carrier Pigeon will truly be a one-of-a-kind vehicle. It will be the only UAV built
for long range transport through inclement weather. It will also be nimble enough to be
assembled and launched by everyday workers at the South Pole. The next stage of this
project will perform a detailed design analysis, which will then lead to its manufacturing
and production. A diagram of the Carrier Pigeon can be found in Figure 8.3.
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Figure 8.3: The Carrier Pigeon
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